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RETROACTIVE RAISING OF A SENSORY THRESHOLD 
BY A CONTRALATERAL STIMULUS s 
BY 
A. M. HALLIDAY and ROSEMARY MINGAY 


From the M.R.C. Neurological Research Unit, The National Hospital, 
» Queen Square, W.C.x i 
In an experiment designed to extend Howarth and Treisman's recent observations 
on the lowering of the visual and auditory threshold produced by a warning stimulus, it 
has been found that the threshold to electrical stimulation of one forearm is raised by 
a similar stimulus on the other forearm. As in the earlier experiments the “warning” 
was effective if it came 100 millisec. before or after the threshold stimulus. The effect 
arning strength over the range of five near-threshold strengths 
used. ; 
These results appear to be inconsistent with the explanation previously proposed to 
account for the retroactive lowering of threshold. This suggested that the warning was 
acting simply as à marker, reducing the subject's uncertainty as to when the stimulus was 
coming. The fact that the rise in threshold was also induced retroactively shows thatsome 
in the central processes concerned in perception, and that 


interaction must be occurring ] 
2n f attenuation of the afferent volley. 


it cannot be explained in terms o 


INTRODUCTION 


Recent work has shown that a sensory volley may be modified in size while passing 
ts way to the cerebral cortex, and it has been suggested that 


through the synapses on i : 
the centrifugal control of these neuronal relays by the higher centres may contribute 
an important part of the mechanism of attention (see, for example, Adrian, 1958; 


Dawson, 1958). This centrifugal control may either diminish or increase the size 
of the afferent volley. But the size of the afferent volley cannot be the only factor 
determining whether a given sensation reaches consciousness, for the evoked cortical 
potential may not be reduced in size in deep anaesthesia (Brazier, 1954) or when 
a patient with an ‘inattention defect” associated with damage to the parietal lobe 
can no longer perceive a stimulus presented on the affected side owing to simultaneous 
contralateral stimulation (Giblin, 1960) A similar finding of apparently normal 
evoked potentials on the affected side has been reported in cases of hysterical hemi- 

Barbizet, Calvet and Verley, 1958). 


anaesthesia (Alajouanine, Scherrer, t ; 
The centrifugal control of sensory input on its way to the cortex also fails to 


account for the fact that the perception of a stimulus can be affected by a second 
stimulus coming shortly afterwards (Crawford, 1947; Treisman and Howarth, 1959); 
as in this case the afferent volley from the first stimulus would be expected to reach 
the cortex before the second volley could catch up with it and interact. 

Treisman and Howarth (1959); who found that a visual or auditory stimulus 


significantly Jowered the threshold of a stimulus given in the other modality even if 


I 


n 
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it came 1oo to 500 millisec. afterwards, have suggested a completely different hypo- 
thesis to account for this particular effect. It is supposed that the second (or 
"warning" signal acts as a kind of marker reducing the subject’s uncertainty as to 
when the critical stimulus is coming. Since the time estimation error obeys Weber's 
Law (Woodrow, 1930), the length of time over which the subject will expect the 
critical stimulus (or, alternatively, the amount it deviates in successive trials from 
the time that he expects it) will increase with increasing warning interval and will 
do so in the same way whether the warning precedes or follows the critical stimulus; 
it will be at its lowest with a simultaneous warning. The shorter the interval to be 
monitored the lower the threshold criterion can afford to be set without increasing 
the probability of false positive signals due to noise in the channel. It is assumed in 
this explanation that the sensory threshold is closely related to the noise level in 
the system and that stimulus detection is a process of discrimination between signal 
and noise. The predictions of this theory seem to fit very well the results of Treisman 
and Howarth which show a maximum lowering of threshold when the two stimuli 
are simultaneous and an effect diminishing with increasing interstimulus interval in 
a similar way whether the “warning” signal precedes or follows the critical stimulus. 

The hypothesis does not seem able to cover the results of Crawford (1947), who 
showed that the threshold for a visual stimulus was raised by a ‘‘conditioning”’ 
stimulus fed into the same eye up to roo millisec. later. But this finding of Craw- 
ford's was only incidental to an investigation of the course of visual adaption following 
the conditioning stimulus, and no other observations have been found in the literature 
bearing on the possible existence of retroactive raising of the sensory threshold by 
a closely following stimulus. A rather similar and perhaps allied phenomenon has, 
however, been observed in patients with an “inattention defect" due to a lesion of 
the parietal lobe, where a stimulus on the affected side can be rendered imperceptible 
by a contralateral stimulus occurring more than roo millisec. later (Unpublishe! 
observations). 

In the present experiment we have investigated the effect of an electrical stimulus. 
(the "warning" stimulus) to the back of one forearm on the threshold of a simil? 
stimulus (the critical stimulus) to the opposite side. The “warning” stimulus differe! 
from the critical stimulus in that it was always perceptible, whereas the critic 
stimulus was given in strengths both above and below the initial threshold and W25 
omitted altogether on a percentage of trials. The subject was required to report 
on the presence or absence of the critical stimulus. As in Howarth a” 
Treisman's experiment (Howarth and Treisman, 1958; Treisman and Howarth, 1959 
the interstimulus interval has been varied only from run to run, the subject being 
told before each run what interval to expect. 

,, Although the "warning" stimulus was always given at suprathreshold strengths 
its strength was varied in order to test the following prediction. If the warning 7? 
acting simply as a time marker, it would seem to make little difference how strong } 
is, provided that it is perceived. But if the change in threshold for the critic 
stimulus is induced by some central process, either excitatory or inhibitory, then 
the strength of the “warning” stimulus (in so far as this determines the strength 
the central events which it sets up) may determine the magnitude of the change 7? 
the critical threshold. The experiment was planned in expectation of a lowering 9 
threshold by the warning. In the event a raising of threshold was observed. 
effect varied with varying warning strength and was retroactive. This does 2% 
provide a direct test of the validity of the marker theory in the case of lowering 9 
the threshold. It does, however, make it less likely. This question will be considere 
more fully in the discussion. i 
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METHOD AND PROCEDURE 


The electrical stimuli were condenser discharges of brief duration (time constant 
IO Or 20 psec.) derived from a two-channel thyratron stimulator. One channel is shown 
diagrammatically in Figure 1. The skin was prepared and two rectangular silver 
electrodes were strapped on the back of each forearm, a smaller one (1-7 x 2 cm.), placed 
distally, serving as cathode, while a larger one (3:75 X 6 cm.) more proximally, served 
as anode. The two sides were supplied by separate channels through isolating trans- 
formers, so that there was no common earth return path and the stimuli were completely 
independent. 

The stimulator channel supplying the "'critica " stimulus fed a stepped output 
attenuator (Figure 1) with seven outputs increasing in 1 dB. steps; any of these seven 
output strengths could be chosen by a series of seven relays operated from punched tape. 
A similar, independently triggered, channel with only five output strengths, each also 
1 dB. apart, supplied the "warning" stimulus. Both attenuators had a maximum output 
impedance of 250 ohms. 


FIGURE 1 


Interval 
timer 


Trigger 
stimulus 


Stimulating 
electrodes 


Schematic diagram of one channel of the thyratron stimulator. The output strength is 

selected by means of relays switching the output attenuator (x dB. steps), but the initial 

setting of threshold is made by means of the potentiometer controlling the return voltage 
of the thyratron anode. 


After the skin resistance had been measured, an initial threshold determination was 
made for each side separately by the ascending and descending method of limits; during 
this determination the stimulus was regularly repeated every I or 2 sec. The initial thres- 
hold was taken as the stimulus strength at which the subject could just perceive all the 
regularly repeated stimuli (i.e. the roo per cent. threshold). It will be noted from Figure t 
that the output voltage of the stimulator could be varied by the experimenter without 
affecting the output attenuator ratios, by means of the potentiometer altering the return’ 
voltage to which the stimulating condenser was recharged between stimuli. For the 
critical stimulus, the initial threshold was determined using the fourth of the seven 
attenuator outputs, SO that these outputs (subsequently used in the experiment itself) 
were now arranged at —3 dB., —2 dB., —I dB., 9, +I dB., +2 dB. and +3 dB. about 
the initial threshold. The threshold for the warning” stimulus was determined for the 
strongest of the five attenuator outputs; this output voltage was then doubled (i.e. raised 
by 6 dB.) for the experiment proper, 50 that the warning strengths used were +2 dB., 
+3 dB., +4 dB., +5 dB. and +6 dB. above the initial threshold. Both thresholds were 
determined again at the end of the experiment and the skin resistance was also measured. 
There appeared to be no association of any kind between such changes as were noted in 


threshold and resistance, and in most cases these changes were negligible. 
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Ten subjects, five men and five women, did the main experiment on two consecutive 
days. After the initial threshold determination they were given five runs of 100 situations 
each. In each run the five strengths of “warning” stimulus occurred 20 times in all, 
twice with each of the seven strengths of ''critical" stimulus and six times with no critical 
stimulus. The order of presentation of these situations within the run was randomized 
and programmed from the punched tape. Before each situation was presented, the 
experimenter said “Ready,” and the stimuli were given after a foreperiod varied randomly 
by the experimenter between approximately 2 to 7 sec. 7 

In each of the five daily runs the interval between “warning” and "critical" stimuli 
was kept constant, but five different intervals were used for the five different runs, viz. 
the "warning" coming 500 millisec. before the critical stimulus (“+500”), roo millisec. 
before (“+100”), simultaneously (“O”), roo millisec. after (“— 100") and 500 millisec. 
after ('— 500"). The subject was told before each run which stimulus would be first and 
What the interval would be. The order of presentation of the intervals (runs) was the 
same for any one subject on both his days, but was varied for each of the 10 subjects in 
what seemed a balanced way, each interval occurring in each position in the series twice. 
The whole daily session, which included a few minutes rest between runs, took approxi- 
mately 2 to 23 hr. 

The sides on which the two stimuli were given was reversed on the second day. Half 
im subjects started off with the critical stimulus on the right forearm, half with it on the 
eft. 


Some weeks later, the same ro subjects also did a control experiment in which they 
came on only 1 day and did three runs of 100 situations each. In two of these runs, the 
simultaneous and '' 4- 500" intervals were repeated, while in the third the critical stimulus 
was given without a warning stimulus after the pre-warning of "Ready" and with the 
variable foreperiod as before. The same system of randomization was used as for the 
rest of the experiment, but all five warning "strengths" were now “blanks.” 

RESULTS 

The subject was required to say “Yes,” “No” or “Doubtful” to indicate whether 
he had felt the critical stimulus. In calculating the results the total number correct 
has been used (rather than the number perceived) and half the doubtfuls have been 
added to the number correct. This assumes that a doubtful response was equally 
likely to be right or wrong, but the results show that there was seldom much doubtful- 
ness about absent stimuli. The method therefore probably slightly underestimates 
the number correct. The false positive rate was less than 0:5 per cent. and the 
percentage of doubtful" verdicts in response to blanks less than 2 per cent. (Table D. 

Doubtfuls made up 9 per cent. of the responses to "critical" stimuli in the mai? 
experiment, and 7-1 per cent. in the control experiment (Table II), The very few 
errors and the lack of uncertainty about blanks show that the results óbtained cannot 
be due to guessing. 

TABLE I 
TOTAL NUMBER or FALSE POSITIVE AND DOUBTFUL 
RESPONSES WHEN NO CRITICAL STIMULUS WAS GIVEN 


Main experiment Control experiment 
J. 
False : False 

Interval positives Doubtfuls N positives Doubtfuls N 
+500 o 4 600 og 
+100 I 8 600 $5 à É 

o 3 14 600 E 2 300 

— 100 I 16 600 — — sg 
—500 4 6 600 — — = 
No warning o 2 BoC 
Total 9 (03%) | 48 (16%) | 3000 | 4 (04%) | 5 (0.6%) | 90 


n_a E a IR 


j 
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TABLE II 


PERCENTAGE OF DOUBTFUL RESPONSES TO CRITICAL STIMULI 
a See eee 


Main Control 
Interval experiment N experiment N 
(percentages) (percentages) 
+500 9'4 1400 58 700 
+100 104 1400 = m 
o 9'3 1400 8-1 700 
—100 9'5 1400 = A 
— 500 6:3 1400 = m 
No warning — — 74 700 
Total 9:00 7000 714 2100 


An analysis of variance was first carried out on the total number of correct 
responses in the main experiment. This is shown in Table III (unbracketed figures). 
For the pooled data of all five runs, interval was significant at the o'I per cent. level, 
as was the side of the critical stimulus (laterality). Warning strength only reached 
the 5 per cent. level of significance on this data, but a similar analysis carried out on 
those runs with the three shorter intervals, where the warning is expected to be most 
effective, brought it to the 1 per cent.level. (Figures in brackets, Table III.) 


TABLE III 
ANALYSIS OF VARIANCE 


RE nak. 


Source of variation af. F ratio p less than 
Interval e 4 (2) 13:93 (4:80) o-oor (001) 
ing stren] 4 (4) 2:45 (4°51) 0-05 (0°01) 
Maay E ss 1 (1) 28:28 (15:13) 0-001 (0-001) 
Interval x warning strength 16 (8) 0:79 (0°42) t G) 
Interval x laterality — .. ay P 4 (2) 1:99 (2:00) 1 (t) 
Warning strength X laterality da 4 (4) 0:29 (0:38) + (4) 
Interval x warning strength x later- 
ality E U E 16 (8) 1:37 (122) ipu a) 
Residual .. 450 (270) =, = 


Figures in brackets give results for interstimulus intervals of +100, o, — 100 millisec. 


only. 
f p in these cases exceeded o'I. 


he laterality effect was unexpected and its further analysis 
is complicated by several uncontrolled factors. It was found after the experiment 
that two of the five subjects who started with the critical stimulus on the left side 
happened to be left-handed, while all five of those who started with it on the right 
were right-handed. It is possible that the significant laterality effect may represent 

e on perception or an interaction between dominance 


an effect of cerebral dominanc or an r 
and practice effects, but there were marked individual differences and our results 


do not warrant any definite conclusions. 


The significance of t 
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The effect of interstimulus interval on threshold 


By plotting the mean percentage of correct responses for each of the seven “critical 
stimulus strengths a threshold curve is obtained. This has been done in Figure 2 e 
separately for each of the five interstimulus intervals. These threshold curves do 
not cover the whole range from o to 100 per cent. felt, as an appreciable number 
of the weakest stimuli are being perceived. (Since the false positive rate is virtually 


negligible, these cannot be guesses.) The region of threshold uncertainty seems likely 
to cover about 6 to 7 dB. 


FIGURE 2 a and b 


M 
a 


75 


50 


Mean percentage correct 


9— Warning strengths 
0-.—— 0 +500 msec interval 2and 3 
2———-o + 100 msec interval *-—- Warning strength 
*— —4 0 (simultaneous) Send 6 
“©— 100msec interval 
— 500 msec interval 


25 


l 2 3 4 5 6 7 
"Strength of critical stimulus (dB) 


Strength of critical stimulus (dB) 


Figure 2 (a). Mean threshold curves for 
indicates that the "warning" stimulus p 
Figure 2 (b) shows similar curves fo; 
warning stimuli (+2, +3 and +5, 


” 


each of the five interstimulus intervals. “+ 
recedes the critical, and ''—" that it follows: 
r the two weakest and the two strongest strengths e 
+6 dB. above initial warning threshold respectively): 


The curves for those runs with the three sh 
T “—z00"’) are consistentl 
(7-500, "— 500", indi 


orter warning intervals (‘‘-+100, 
y to the right of those for the two longer intervals 
cating that the threshold is higher in the former case. The 
differences between the mean percentage correct with the different warning intervals 
are shown in Table IV, and are highly significant between the short and long intervals. 
Since more correct responses are made at the longer warning intervals, the interv 
effect is the opposite to that observed by Howarth and Treisman, who found more 
stimuli were perceived with the shorter warning intervals. 


The results of the control experiment, shown in Table IV, confirm that in our 
situation a significantly greater number of stimuli were perceived at “+500” than at 
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“O.” The “No warning" run differed significantly from the run with a simultaneous 
warning (p 0-05), but not from the run with a warning preceding the critical stimulus 
by 500 millisec. This implies that the threshold is being raised by the warning when 
it occurs at the shorter intervals and simultaneity. 


TABLE IV 


DIFFERENCES BETWEEN THE MEAN PERCENTAGE OF CORRECT RESPONSES 
WITH DIFFERENT INTERSTIMULUS INTERVALS 
c aaalllt 


Main experiment Control experiment 
Interval in | j 
millisec. — 100 +100 +500 —500 o +500 
o —0I 3:65** 6.8*** qa4*** 5:55** 
— 100 3:55* 6:7*** T3*** 
+100 3:15* 3:75** 
+500 0:6 
No warning 23:75] r8 


A negative difference indicates that less correct responses were made for the interval 
heading the vertical column. In all other cases, more correct responses were made at 


this interval. 
t p «o05 > 0°02. ** b <O:0I > 0-001, 
* p <0-02 > 0o01. *** p <O-001. 


The effect of warning strength 
The mean percentage of correct responses was calculated in a similar way for the 
five different warning strengths, after pooling the data for all five interstimulus 
intervals. In Figure 2 (D) threshold curves are shown for the responses with the two 
weakest and the two strongest warning strengths (i.e. +2 to 3 dB. and + 5 to 6 dB. 
above warning threshold). The threshold with the stronger warnings is higher than 
with the weaker warnings. 
othe significance of this difference was examined by calculating the difference in 
the percentage of stimuli felt by each of the ten subjects for the weak and strong 
warnings. This gave a mean drop of 2:76 per cent. in the number felt with the two 
strongest warnings (P <o-or). The mean change in threshold was also calculated by 
probit analysis, threshold curves being plotted for each subject on probit paper. 
This gave a mean difference of 0'335 dB. (p <o-or). Itis worth pointing out that 
both these significant differences are calculated on data for all five intervals combined, 
on which the original analysis of variance had only given warning strength as a factor 
significant at the 5 per cent. level. ! 
The earlier analysis showed warning strength as having a more marked effect 
when those runs with the shorter interstimulus intervals were considered alone. 
Figure 3 illustrates the interaction between warning strength and interval with the 
data plotted in two different ways. At the 500 millisec. intervals there appears to 
be no differential effect of warning strength on the mean percentage correct, but this 


percentage is progressively reduced by increasing warning strength at the three 


shorter intervals (Fig. 3 (2). 
Figure 3 (b) A the interval effect more clearly. These results differ from those 


of Howarth and Treisman in the direction in which the threshold level is changed by 
the warning stimulus, but the interval effect resembles theirs in being at its greatest 
with a simultaneous warning and falling off with increasing interval in roughly the 
same way, whether the “warning” precedes or follows the critical" stimulus. 
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FIGURE 3 a and b 


85 


80 


75 


Mean percentage correct 


70. 


Control experiment 


2 3 4 5 6 
Strength of warning stimulus (dB 
above threshold) 


No warning +500 +100 0 —100 —500 
Interstimulus interval (millisec) 


Interaction between strength of warning stimulus and interstimulus interval. 
shows the mean percentage correct for each interval separately. The warning strength 
exerts an effect at the three shorter intervals. Figure 3 (b) is a plot of the same data 
expressed in terms of interstimulus interval for each warning strength separately, The 
threshold is higher at the shorter intervals, The data for all five warning strengths in 
the control experiment has been pooled and is shown in Figure 3 (b). It will be noted that 
the initial threshold setting here is somewhat higher than in the main experiment so that 
fewer stimuli have been seen in all three conditions. The “no warning" condition is signifi- 
cantly different from the simultaneous condition (b «0:05), but not from the +500 millise. 

condition. 


Figure 3 (a) 


Discussion 
These results, like those of Cr 
terms of the “marker” hypothesis adopted b 


a - The stimulus is therefore best seen when the subject $ 
time uncertainty is at its greatest, 


fed into the same eye and regularly re; 
perhaps strictly comparable; but it is 


Sening stimulus (determined by the method of limits) was progressively reduced aS 
the interval increas The present experiments confirm the 


the threshold, in a different sense 


The additional 
shows that it is not the mere perception or imperception of the warning stimulus 
which determines i 
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in the central mechanisms. The present results can be compared to those of Ingham 
(1957), who found that the absolute auditory threshold to a 400 c/s. tone is raised 
by simultaneous stimulation of the opposite ear with a 1,000 c/s. tone. This occurred 
at intensities low enough to make purely peripheral effects, such as masking, unlikely; 
with two levels of contralateral stimulation, 10 dB. and 30 dB. above threshold, 
there was a significantly greater rise in threshold with the stronger stimulus. 

In all three cases where supplementary stimulation has raised the threshold, 
Crawford's visual experiments, Ingham's auditory experiments and the present 
experiment on electrical stimulation of the skin, the two stimuli have been given in 
the same modality; this is in distinction to Howarth and Treisman's experiments 
using mixed auditory and visual stimuli, where a lowering of threshold was induced. 
This raises the possibility that the rise in threshold depends on the similarity of the 
two stimuli being used.* 

It might be supposed that the subject could not discriminate between the very 
similar critical and warning stimuli when they occurred nearly simultaneously, and 
was therefore not always sure whether the critical stimulus had occurred. This 
suggests confusion, rather than distraction or “capturing of the attention," as the 
explanation of the effect. Confusion would represent a reduction in the amount of 
information transmitted at the shorter intervals, rather than a true change in thres- 
hold, so that as well as a reduction in the number of critical stimuli seen, there should 


te and an increase in the subject's uncertainty. 


be an increase in the false positive ra 
But there is no evidence that either of these last two effects goes hand in hand with 


the reduction in the number of critical stimuli seen in the present results. It is also 
difficult to see how much confusion can occur when the critical stimulus occurs 


TABLE V 


DOUBTFUL AND CORRECT RESPONSES TO CRITICAL STIMULI 


INCIDENCE OF 
wirH DIFFERENT INTERSTIMULUS INTERVALS 


Interstimulus interval (millisec.) 
ca | Overall 
+500 +100 o | —100 — 500 mean 
No. doubtful  .. E 132 146 | 131 133 88 126:0 
No. correct af zt 990 918 | 863 862 1028 932:2 
Doubtful correct ob eek 15:996 15:296 15:496 8-695 | 13:5196 


yb-2779. d.f.4. P «oor. 
y? (excluding — 500 millisec. interval) = 2:34. d.f. 3 p o5. 


* While this paper has been in press, we have found a most interesting and important 
paper by Piéron and Segal (J. Neurophysiol., 2, 178-91, 1939), demonstrating retroactive 


tation occurring on double stimulation of the middle finger with condenser discharges. 
a eer date both stimuli were delivered through the same electrodes. They 
were able to show that two consecutive stimuli, separated by intervals of between 20 to 
400 millisec., became perceptible at voltages which were invariably subthreshold for a 
single shock. This effect involved retroactive facilitation, as both stimuli were perceive 
with the appropriate interval between them; simple facilitation would have led to s 
perception only of the second shock of the pair. This finding appears to dispose e sae 
possibility that facilitation is related to the use of stimuli in mixed modalities; and shows _ 


that the threshold will not necessarily be raised if the two stimuli are similar. 
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roo millisec. before or after the warning. The false positive rate, which is in any 
case low, shows no particular tendency to be higher with the simultaneous warning 
(Table I). The subject's uncertainty has been assessed by calculating the ratio of 
doubtful to correct responses when critical stimuli are being presented. Comparing 
this ratio for the five intervals (Table V), one significant difference emerges. The 
subject was definitely less doubtful with the warning coming 500 millisec. after the 
critical stimulus. The differences between the other four intervals were insignificant, 
but there does appear to be a tendency to more doubtfulness for the runs with the 
three shorter warning intervals. However, comparing the same ratio for the five 
warning strengths (Table VI), no significant differences emerge, and there is (if 
anything) a rather lower value for the strongest warning, with which fewest critical 
stimuli are seen, The same lack of significance is shown by a similar comparison of 
warning strengths on data for the three Shorter intervals alone. These results 
suggest that confusion can be ruled out as an explanation of the warning effect. 


TABLE VI 


INCIDENCE OF DOUBTFUL AND Correct RESPONSES TO CRITICAL STIMULI 
WITH DIFFERENT STRENGTHS OF WARNING STIMULUS 


Strength of warning stimulus (dB. above threshold) 

Overall 

2 3 4 5 6 mean 

No. doubtful 145 134 118 128 105 126:0 

| 
No. correct 954 | 946 946 | 909 906 9322 
$$$ i 

Doubtful correct -| 15:296 14:296 12:596 14:196 11:695 | 13:5196 


X = 5:60. d.f.4. P 02. 


is the supposed seat of attention, and, having done so, will render. 
He cites some results of Berlyne (1950); 


ing simultaneously. In the present experi- 
nger than the critical stimulus and exerts 
There is no reason why the warning shoul 

r than the critical stimulus on this view» 
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Evidence from past experiments on the effect of altering the set of the subject to 
favour distraction is somewhat indefinite and conflicting. Ingham (1957) found no 
significant difference in the rise of auditory threshold when his subjects were also 
made to report on small changes in frequency of the contralateral tone. Brogden 
and his co-workers (Gregg and Brogden, 1952; Thomson, Voss and Brogden, 1958) 
obtained a lowering of the auditory threshold on giving a simultaneous visual warning 
provided the subject was not especially required to attend to it; but when instructed 
to attend and report on it as well, the results were not so consistent, showing a less 
marked fall in threshold or, at near threshold strengths, a rise. A particularly 
' interesting finding in their results is that with different strengths of visual warning, the 
lowering of threshold in the "uninstructed" condition was significantly greater with 
the stronger warning. Unfortunately, their stimuli were always simultaneous and 
yield no information about any interval effects, but these results suggest that even 
with a lowering of threshold, warning strength is significant. This seems to be 
evidence in favour of the theory of central interaction between the stimuli rather 
than the “marker” theory, even in explaining those situations where a fall in threshold 


is induced. 


Our thanks are due to Mrs. M. O. Kerr for her invaluable help in the statistical design 
of the experiment, and to Dr. E. A. Carmichael for his interest and encouragement. 
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LOWERING OF AN AUDITORY THRESHOLD BY A NEAR 
THRESHOLD WARNING SIGNAL 


BY 
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From the Department of Psychology, University of Hull, and Institute of Experimental 
Psychology, University of Oxford 


Following previous experiments on the effect of suprathreshold “warning” signals in 
lowering the threshold for stimuli in another modality, we have used visual “warning | 
signals which are themselves within the threshold range. These near threshold “warnings 
appear to act in exactly the same way as suprathreshold “warnings” provided they are 
seen. Very weak “warnings” have a reduced effect, probably because they are not always 
seen. The experiment is of interest in that it supports the theory that the effect is due 
to the “warning” signal reducing the subject's uncertainty about when the threshold 
stimulus will occur, and secondly because it indicates that under these conditions at least, 
the subject can attend effectively to two simultaneous near-threshold stimuli. 


INTRODUCTION 


Recent work by the present authors (Howarth and Treisman, 1958 a, b; Treisman » 
and Howarth, 1959) has shown that the auditory threshold can be lowered by 4 
simultaneous visual stimulus which is itself well above threshold. It can also be 
lowered, though less effectively, by visual stimuli which occur up to 9 sec. before the 
auditory stimulus, or up to 3 sec. after it, provided the subject is informed beforehand 
what will be the time interval between the threshold stimulus and the warning signal. 
The effect disappears if the subject does not know what interval to expect between 
them. Because of this we suggested that the effect was due to the warning signal 
reducing the subject’s uncertainty about when to expect the threshold stimulus: 
The lowering of the threshold was not accompanied by any increase in the subject? 
responses to zero stimuli (the false alarm rate) and we thought this was because th€ 
effective “noise” level in the System was lower, the more accurately the subject knew 
When to expect the threshold stimulus. i 

One of the predictions one might make from this hypothesis is that the intensity 
of the warning signal should not have very much effect, provided it is big enough te 
beseen. The present experiment sets out to test this prediction. It is only fair to add 


old warning signals to raise, rathe™ 
than lower the threshold for the auditory stimulus. Pauli (1924) has shown that the 


simultaneously and effectively to two threshold stimuli. If our warning signal is 1g 
be effective it must in some sense be attended to. If such an interference between the 
two stimuli were to occur it should be very much less if the two stimuli are not quite 
simultaneous, so we also used a 200 millisec. interval between the warning and the 


threshold stimulus, to be compared with the no warning and the simultaneous 
conditions. 


APPARATUS 


The subject was in an artificially illuminated room, separated from the experimenter 
and the timing and recording apparatus. A white cardboard screen, 50 cm. x 60 CM 
in size, was placed I m. in front of him. At the centre of the screen was a fixation cross, 
and 25 cm. to the right of this was a neon bulb shielded by a sheet of white paper, whic 
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provided the prewarning. The auditory stimulus was a 4o millisec. increment in intensity 
of a constant 500 c.p.s. tone at 60 to 70 dB. S.L. from a Muirhead Audio-oscillator, which 
was amplified and came to the subject through Brown type-K moving coil earphones. 
It was continuously present throughout the session. The visual stimulus was provided 
by an electronic generator passing a constant current 1o millisec. pulse through a neon 
bulb which was focussed through a lens on to the centre of the fixation cross to give a 
square spot of light, 4 mm. x 4 mm., subtending about 14 min. of arc at the subject's eye. 
The intensity of the light spot could be varied by alternating the strength of the constant 
current. Electronic timing units determined the time intervals. The brightness of the 
walls of the room was 0-20 foot lamberts, the screen was 3:5 foot lamberts and the pre- 
warning light 10 foot lamberts. The strength of the stimulus was determined separately 
for each subject as described below. The apparatus has been fully described elsewhere 
(Howarth and Treisman, 1958 a). 

Three experienced subjects, including one of us (C. I. H.), were used. They were 
research psychologists and had had practice in similar experimental situations. Two did 
four sessions each, the third (J. H.) did eight in two groups of four separated by rather a 
long interval so that for the purpose of analysis her data were treated as if they came from 
two different subjects. 


PROCEDURE 


Each trial began with the prewarning neon lighting up. (It stayed on until the subject 
had responded.) This was followed, after an interval varying randomly between 2 and 
4 sec., by the auditory "'pip"—a 4o-millisec. increment in the intensity of the background 
tone. The subject responded Yes or No by depressing one of two tapping keys. The 
auditory stimulus could take one of four values, equally spaced on a decibel scale, and 
zero. The ro millisec. pulse of light was simultaneous with the pip in the “Simultaneous” 
(Si) condition, and preceded it by 200 millisec. in the “Warning First" (Wf) condition. 
The light stimulus had three values—''Strong,"" “Weak” and “Zero.” A : 

At the beginning of each session, descending series of light, and of auditory stimuli 
were given to the subject to determine approximately his threshold levels for each, and 
on the basis of these, values were chosen for the four intensities of auditory stimulation, 
and two values for the light stimulus intended o be approximata, at strengths which 

e so per cent. and 95 to 100 per cent. frequency of seeing. , 
en ob I SEIS presented the five auditory stimulus strengths, and the three light 
strengths, so that each combination occurred once, ina random order different for each 
series. Ten series under the "Simultaneous" condition alternated regularly with ro 
under the “Warning First” condition, so that in a session, 300 responses to the auditory 
stimulus were given. Furthermore, at the beginning of each session, and also at the end, 
there were 40 trials in which only the light stimulus occurred, taking one of the two values 
Weak or Strong randomly, and the subject responded to the light. This allowed a check 
on the effective strengths of the warning stimuli. 


Each session lasted about 14 hr. 4 
The experimental instructions were that the subject should fixate on the cross when the 


prewarning lit up, as a warning light spot might occur with, or 200 millisec. before, the 
pip. The subject was always told before each series, what time interval to expect between the 
two stimuli and was given an initial trial at the beginning of each series with high values of 
both stimuli, which was not used in calculating the results. 


RESULTS 


Each set of four sessions was combined, to give probabilities of response for each 
condition and each intensity of stimulus. A probit analysis (Finney, 1952) was 
performed on these for each visual warning strength under each condition, giving 
24 thresholds in all (four subjects, six conditions). Before the probit analysis was 
done the probabilities of response were corrected in the usual way for false positive 
responses. This is important since in this experiment, unlike our previous experi- 
ments, the lowering of threshold was accompanied by an increased false positive ais 
Tf these false positive responses had been due to guessing on the part of thea i 
they could have produced an apparent change in threshold. Since we apple 
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5 ing” ction such an explanation cannot be given for the changesin threshold 
SRL we find. : The data pu the individual subjects all conformed toa id 
consistent pattern, but it was decided to pool the data from the different subjects f 
the sake of clarity. Pooling of data derived from a probit analysis can be done E 
a variety of ways. We could have simply averaged the thresholds for the ea. 

subjects. A better estimate of the mean threshold would have been obtaine n 
weighting each estimate of the threshold by thereciprocalofits variance. Curious y 
however, this does not give the best estimate of the differences between these thres 

holds. This is done by estimating for each subject the difference between any "YA 
thresholds together with an estimate of the variance of that difference. The bes 

estimate of the differences is now obtained by weighting each difference by Ek. 
reciprocal of its variance and then calculating the mean of the differences. An B 
feature of these estimates is that they are not necessarily additive in the sense tha 

the difference between conditions a and c need not be equal to the difference between. 


unweighted means. The results we Show in Table I. 


The Zero thresholds, which are determined from the trials on which the light 
stimulus does not occur, provide a check 


instructions during the Warning First or S; 
cant differences between them, experimental '' 
between the two conditions. The mean of the eight Zero thresholds is 0:485 dB. I 
The percentages of false positives for all subjects combined, are given in Table I. 
Each is derived from 160 Zero stimuli. j E 
The differences between slopes were compared in the same way as the difference 


between thresholds in Table I. Only one of the 15 comparisons (Wf Zero-Si Zero! - 
was significant at the 5 per cent. level. 


TABLE I 
MEAN DIFFERENCES BETWEEN THRESHOLDS i 
; Difference 1 
Comparison (aB.) S.E. t | Significance, 
Warning First 1 
Zero-Weak  .. N --| 07045 O-OII3 3:98 $1009 
Weak-Strong .. * At 0:000 0:0109 0:00 p >09 i 
Zero-Strong H 0:050 00122 4°10 ales) 
EET 
AE er MEN dE DIM REEL a 
Simultaneous or 
Zero-Weak  .. zs 2 0:047 O-o110 427 2 SO 
Weak-Strong .. es i 0:034 O-OIIS 2:96 Pp OM 
Zero-Strong .. ay) s 0:074 O'OI24 5:97 HERD 
WfZero-SiZero ^. t| —o-oor O-0117 0-09 ip Er 
Wf Weak-Si Weak || ee 0:000 0-0104 9-00 P2709 
Wf Strong-Si Strong Bu 0:042 0:0125 3:36 f «0007 
The correlation between threshold and slope was r = —0:406, which is not very 


significant (01 > ~ > 0-05). The correlation between threshold and false positive 
rate was 7 = —0'268, which again is not significant (p >0-2). 
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The percentages of response to the visual stimuli at the beginning of sessions in 

the four sets of results were:— 

Weak: 48-8, 43:8, 51-3, 71:3. 

Strong: 88-8, 96:3, 98-8, 98:8. 
At the end of sessions they were:— 

Weak: 47:5, 50:0, 27:5, 4570. 

Strong: 93:8, 96:3, 85:0, 95:0. 


For all together response rates were: Weak, 48-3; Strong, 94:1. 


TABLE II 
FALSE -POSITIVE RATES (PERCENTAGES) 


Warning First | Simultaneous 
Zero Weak Strong | Zero Weak Strong 
I'9 3'1 8:1 | 0-6 31 6:3 


In our earlier experiments strong warning lights lowered the threshold by about 
o dB. The stronger of our two near threshold “warning” signals lowered the 
threshold by 0:074 dB. The "warning" signal in the present experiment was about 
one-hundredth the intensity of the warning signal in the earlier experiments so that 
even if intensity of warning has some effect it must necessarily be very small, especially 
as there were inevitably small differences between the two experiments which them- 
selves could account for the difference. We had hoped that the comparison between 
the two intensities of warning which we used would have provided clearer evidence 
for interference between the two threshold stimuli. However, the weaker of our 
two warnings is, in the Simultaneous condition, less effective than the stronger one, 
but only by an amount fully accounted for by the fact that it is only seen on about 
half the trials. The effect of the Weak warning is about half that for the Strong 
warning. This is exactly what would be expected if the warning had a full strength 
effect provided it were seen, but the weaker warning was only seen half as often as 


_the stronger one. 


In the Warning First condition the threshold with the stronger warning is signifi- 
cantly higher than for the Simultaneous condition. This is what is found for stimuli 
well above threshold and is further evidence against the hypothesis that we cannot 
attend to two simultaneous, near threshold stimuli. However, for the weaker 
warning signal, the situation is rather different. The threshold is about the same for 
the Warning First condition and the Simultaneous condition. This is contrary to 
our findings with strong warning signals and could be accounted for in terms of some 
kind of interference between the visual and auditory threshold stimuli when they 
occur together. However, it is hard to see why a visual stimulus intensity which is 
seen on 94 per cent. of trials should not interfere with the auditory stimulus, while 
one which is seen on 48 per cent. of trials does. One would expect both to require 
processing by the threshold mechanism and if the stronger of our warning signals 
were by-passing the threshold mechanism, one would expect a bigger difference 
between the Strong and the Weak warning signals in the Simultaneous condition. 
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n t for t easons. Firstly ied 
e experiments are of interest for two ri $ ey 
ag aes of Maru signal had very little effect on the amount n n 
the threshold is lowered in this kind of experiment. Our earlier experimen s "d 
strong warning stimuli showed a maximum lowering of the threshold of about a za E. 
votis din the present experiment the threshold is lowered 0:074 dB. for the : n EE 
Simultaneous warning. It cannot be too strongly emphasized that the e x Qty 
warning in all our experiments are extremely small, of the same order as the en tn 
of the threshold measurements. This is, in itself, evidence for the theory ke Ki 
due to a change in the effective “noise” level in the system. The fact thet di 
intensity of the warning signal has so little effect is evidence for the theory tha: hs. 
warning acts simply as a “marker” (a very useful word which has been suggeste ‘i 
us by Dr. Halliday) which reduces the subjects uncertainty about just when Y. 
stimulus is to occur. It is true that in our present experiment the weaker ward 
signal had only about half the effect of the stronger warning, but since at the M 
intensity the warning light was seen on only 48 per cent. of the occasions when it red 
presented alone, before and after the main body of the experiment, this redu: 
effect is not necessarily a direct result of the lower intensity of the warning. ad 
result could be equally well accounted for by assuming that the warning signal E. y 
à maximum effect provided it was seen. The two strengths of warning had exact) 
the same effect in the Warning First condition, but we feel unable to draw any ve 

strong conclusions from this beyond the fact that here also the effect of intensity 9 
warning is small. a 

While the present experiment provides some evidence in favour of our “marke 


e 
y has not yet been shown to account for all th 


ect was occurring, because when the subject é 
between the "warning" signal and the thresh ot. 
» no lowering of the threshold. was produced. Unfortunately we have ? 
yet been able to do the analogous control experiment for near simultaneo" 
“warnings.” ing 
The second point of interest in these data is that just because the effect of warn? 
Strength is so slight, there is no evidence in these experiments for any interfere? 
between the two simultaneous threshold stimuli. This idea of interference betys 
stimuli has been used in one form or another in relation to at least three differ 
kinds of experiment. Pauli (1924) has shown that whe: 
dots in a tachistoscopic visual dis 
tactile stimulus, they do much worse on both 
them separately. This 


berg, p. 90). Interference of diff 


ji 
y. Perhaps, the best evidence for dM E i 
ound in our recent experiments on the effect of “war? 
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signals presented after the threshold stimulus (Howarth and Treisman, I958 b; 
Treisman and Howarth, 1959). If these experiments are accepted as evidence of the 
rate at which such a trace would decay, it is clear that an appreciable loss would be 
produced by delays of the magnitude suggested by Welford, although in Broadbent's 
experiments much longer delays are possible without loss of signals which are well 
above threshold. 

Why is there no apparent interference between the two threshold stimuli in our 
present experiment? There seem to be several possible explanations. Our subjects 
made only one response to the two stimuli and possibly whatever interference occurs 
is in the response side of the sensory motor chain. Alternatively one might say that 
the information in the message was unaffected by the presence of the warning signal 
and hence, if thé interference is of the kind caused by the attempt to transmit too 
much information along a communication channel of limited capacity, one would not 
expect interference in such an experiment. Two other features of our experimental 
situation are worth mentioning. Firstly the warning signal and the threshold stimulus 
were in different sense modalities. In many of the experiments showing interference 
between stimuli, they were in the same modality, which may increase the possibilities 
for interference. Secondly, our subjects adopted a relaxed attitude towards the 
warning signal, they were instructed not to try consciously to see it. If they had 
tried too hard to see it there may possibly have been more interference. 


' It should be pointed out that our experiment is not alone in showing no inter- 
ference between two simultaneous threshold stimuli. There are many experiments 
in which two stimuli are given, but only one response required and in many of these 
no interference occurs. Examples of this type of experiment can be found in the 
Comparison between monocular and binocular thresholds (Pirenne, 1943; Collier, 
1954), monaural and binaural thresholds (Smith and Licklider, 1949), and the experi- 
ments of Loveless (1957) on the threshold for simultaneous and perfectly correlated, 
visual and auditory stimuli. In all these experiments the difference between the 
Single and double stimulation can be largely accounted for as statistical summation. 
There is no evidence of refractoriness. Rather, the existence of statistical summation 
Suggests that the two threshold decisions are taken separately and independently. 


E iments by Gregg and Brogden (1952) and by Thompson, Voss and Brogden 
(cass eth to AE pn the ANE auditory threshold can be raised by a 
simultaneous visual stimulus when the subject has to respond to it, but may. be 
lowered by it when he does not have to respond to it. The effects found by these 
authors are much bigger than in our experiment, suggesting that they have a different 
cause. Inour opinion their experiments were insufficiently controlled for the effects 
of set, warning, practice, interference or intersensory facilitation to be diseritangled. 
Nevertheless we feel that their final conclusion as summarized above is probably 
correct. The larger changes in threshold which Brogden et al. found could well be 

. due to their subjects’ expectations reinforcing the facilitatory, warning and inter- 
ference effects, none of which are after all, very surprising (with the possible exception 
of the effect produced by a "warning" signal which comes after the threshold 


stimulus). 


We wish to thank Professor R. (ex Oldfield for providing laboratory facilities and for 
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Council, the other (C. I. H.) wishes to thank the Director General of Medical Services, 
R.A.F., for the opportunity to do this work and for permission to publish this paper. 
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SATIATION AND REVERSIBLE PERSPECTIVE I9 


AN INVESTIGATION OF A SATIATION PROCESS IN THE 


REVERSIBLE PERSPECTIVE OF REVOLVING 
SKELETAL SHAPES 


BY 


I. P. HOWARD 
From the Department of Psychology, University of Durham 


A technique for studying a satiation process is described, which is claimed to have 
many advantages over the older methods. A skeletal wire cube is rotated at 1 rev. per sec., 
and the time taken for the first apparent reversal of direction to occur is measured and 
called the ''satiation period." It is a much longer period than the mean period of subse- 
quent reversals. This is due to the fact that the situation is one of biased ambiguity; 
biased by the cues to depth and thus to the true perspective. 


Using this measure we have shown:— 

(1) That the effect is predominantly central. 

(2) That after satiation has occurred, reversing the cube's direction of rotation 
induces a longer than normal satiation period. 

(3) There is no transfer of satiation to other types of static or mobile figure nor to 
other spatial locations. 

(4) Satiation time is largely independent of brightness and colour. 


(5) Kóhler's theory of satiation is supported but it is given a neuronal basis rather 
than a basis in a non-neuronal, electrolytic type of cortical conduction. 


INTRODUCTION 


There has been considerable interest shown by experimental psychologists in the 
problem of reversible perspective, since Kóhler's speculation that the brain processes 
responsible for the figural-after-effects are also responsible for the reversals of 
ambiguous figures. 

The 1944 paper of Kóhler and Wallach stated, "According to the first hypothesis 
a specific figure process occurs whenever a figure appears in the visualfield. And this 
process tends to block its own way if the figure remains for some time in the same 
location. The second hypothesis states that in reversible figures, the figure ground 
relationship will suddenly be reversed when the figure process has altered the medium 
beyond a critical degree." In support of his theory, Kóhler (1939) showed that the 
rate of figure-ground reversal in a Rubin cross increases with long fixation. 

Kóhler's term “satiation” is used throughout this paper and the formal aspects 
of his theory are supported. However, as will be shown later, Kóhler's specific 
physiological speculations regarding non-neuronal, electrotonic spread of cortical 
potentials do not receive support. We attach no precise physiological significance 
to the term “satiation” beyond taking it to mean an auto-inhibitory process occurring 
at specific synapses in the central nervous system as a result of activity set up there 
by specific sensory events. 

.It is of historical interest to note that McDougall in an unacknowledged paper, 
written as early as 1906, stated a view formally equivalent to Kéhler’s. He wrote, 
"Reversible perspective is a special case of a general psychic characteristic, viz. the 
rapid fatiguability manifested in all the higher levels of consciousness, due to rapid 
changes in synaptic resistance.” Like Köhler, he found that the rate of reversal of 
a Rubin cross increases with long fixation. 
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Others have reported evidence in support of Kóhler's theory in E ed 
Fisichelli (1947) used a moving Lissajous figure ona cathode-ray tube an ES EU 
the rate of reversal was enhanced by increasing the complexity of the pat um ba 
inspection time, or the speed at which the pattern moved. He suggested that the 

hancement was due to a concomitant increase in the rate at which cells were 
eed and that this supported Kóhler's theory. Hochberg (1950) ers m 
Rubin cross and found, “Prior satiation of the visual region upon which one ò Ey 
two alternative figures of an ambiguous test pattern is later presented results in or 
relative decrease in perception-as-figure of the portion of the test pattern subsequent y 
coincident with that region." This supports Kóhler's theory. The black-white 
relationships had to be kept the same for this effect to show; this “directional” effect 
is opposed to Köhler’s view. 


FIGURE 1 


Good 


Figures | A—D 


Carlson (1953) used the figures depicted in Figures ra-4. Figure 1c when viewed 
steadily, undergoes alternations as one edge or the other apparently comes forward. 
Twenty-six subjects Were shown onesgf.the Figures ra or xb for I5sec. Figure 

"Xe of 1d was then substitutedzfór Ta or rb arid:the subject asked to report on which 
of the two’ ambiguous possibilities was then present. He found that, “A given 
alternative tends to appear Se eatin when it has been previously satiated, more 
often when neither alternative hae. een satiated, and most often when the opposite 
alternative has been satiated.” may have been a major 
however, which Carlson 


al after-image rather than 


sequent differential effects in the Figures 
Ic and 1d. 
EG _/Our own experiments overcome this difficulty (see experiment Series C). Carlson 
also used the Boring wife-and-mother-in 


with the perspective figure, but he argued that heri 
the result is due to expectancy or set. 
results of the first experiment were not dui 
Brown (1955) used as his pattern a 
silhouette on a flat screen. He, too, fou 
spective increases with inspection time, 
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by an apparent change in the direction of rotation of the pins. Brown claimed that 
this made the perspective changes easier to judge, and this is confirmed by our own 
observations. 

Adams (1954) claimed to support Kóhler's theory. She had her subjects prefixate 
a stationary 51-in. skeletal cube monocularly, at 28 in. distant until it reversed its 
perspective. The eyes were then covered for 2 sec. and when the cube was exposed 
again to the same eye or the other eye the subjects reported whether the cube was in 
its reversed or correct perspective. It was found that the preliminary fixation lead 
to a greater number of reversals in the subsequent exposure as compared with the 
initial exposure. 

Finally, Cohen (1959) investigated some points of similarity between reversible. 
figures and figural-after-effects. Using flat drawings and the increase in reversal 
rate with time as an indicator of satiation, he showed among other things that (a) 
there is transfer of satiation from a black-on-white figure to a white-on-black figure; 
(b) there is no transfer spatially on the retina; and (c) there is no transfer between one 
type of figure and another. The first two properties are shared between reversible 
figures and figural-after-effects, the last one is not. He concluded that there was 
a large measure of similarity between the two phenomena. The results reported here 
confirm Cohen's findings although the method used is not the same. 

The point of departure for the present study was that it might be possible to find 
a type of ambiguous figure showing satiation more directly than hitherto. It was 
argued that if the two possible interpretations of an ambiguous figure were not equally 
probable in experience, then the less probable one would not appear until after the 
satiation of the more probable one. This delay should provide a better measure of 
satiation than the reversal rate used by others. 

To this end a three-dimensional cube was made, this naturally had a bias in 
favour of the true perspective. As expected, it now took some time before the alter- 
native, inverted, false perspective came in experience, but this was only a few 
Seconds. : . By 
It was then accidentally found that if the cube was rotated slowly the perspective 
did not reverse for many seconds. The spinning’ had evidently increased the bias 
in favour of the true perspective. This could be because the movement gave added 
cues to depth and/or because the movement prevents any one group of cells being 
continuously stimulated. Langdon (1951) has shown how shape constancy is in- 
creased when any object rotates, which supports the first possibility. Evidence will 
be given later (experiment C3) in support of the second possibility also. . 

Now that the cube was rotating, any change in perspective incurred a change in 
the apparent direction of rotation as was the case in Brown's study (1955). This 
made the perspective reversals all the more easy to see. ! 

A speed of one revolution per sec. was finally chosen for further work, with 
rotation about a vertical axis. 

A. remarkable phenomenon was then noted. On closing one eye about 5 sec. 
after starting to look at the cube, there was an immediate apparent reversal; when 
the eye was again opened the cube returned to its true direction and perspective. 
This effect is very compelling. By closing one eye of the subject we were suddenly 
cutting out the stereoscopic cues to depth and thus reducing the bias constraining 
him to see the true perspective. We soon found that any means of suddenly reducing 
depth cues, had the same effect. We tried defocusing lenses, a prism before one eye, 
and suddenly taking the cube further away. In this situation there must be a latent 
degree of satiation present insufficient to cause reversal with two eyes open but 
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Thus the period before the first reversal, called here the satiation Period, is least 
for a flat cube drawing, longer for a stationary solid cube, or a one-eyed view of a 


rotating cube and longer still for binocular viewing of a solid rotating cube. As the. 


bias increases in favour of one alternative then the satiation time also increases. 
One progresses from a situation of unstable equilibrium to one of relatively stable 
equilibrium. It is as if, in the biased situation, the satiation process has work to do 
in overcoming the resistance offered by the "cues" of true perspective. Donahue 
and Griffiths (1931) reached a similar conclusion by comparing the reversal rates of 


FIGURE 2 
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Attention and attitude now have some effect as they do with 
at, Necker cube (Flugel, 1913). Thus it is felt that the tech- 
otating figure and recording the time to the first reversal gives 
à he study of satiation processes, some of which are: 
(1) That it provides a quick, direct and easy measure, the ** 
(2) No estimates of extent are nec 

figural-after-effects. Factors of 
(3) The effect is Present in all no 


the equally unstable, fl 
nique of using a solid r 
many advantages for t 


satiation period.” 

essary on the part of the subject as in the 
attitude and suggestion are at a minimum: 
tales 1 rmal people apart from those without stereo- 
scopic vision, Incidentally we screened all our subjects on the Howard- 


RES stereoscopic acuity test. Two subjects lacking stereoscopic visio? 
showed no satiation time longer than a few Seconds, that is, no longer tha? 
the satiation time for normal monocular viewing. : 
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(4) The technique is advantageous because it eliminates any change in the 
stimulus corresponding to the apparent reversal. 

(5) Central factors must be predominant, for this is the only way to account for 
the much longer satiation period with binocular viewing. There is no con- 
vincing proof that figural-after-effects are central. Binocular transfer of 
figural-after-effects is usually given as proof of this but as McEwen (1958) 
and Day (1958) have argued, this is not conclusive. 

GENERAL EXPERIMENTAL METHOD 


Figure 2 gives the general outlay of the apparatus. 
The cubes had 4-in. sides and were made by brazing den. wire. They were rotated 
at 1 rev. per sec., about a vertical diagonal axis by silent clockwork motors. They were 
placed in a large, black-coated box and viewed from an aperture at a distance of 40 in. 


FIGURE 3 


[i 


wu 
Fe 
p: 


S.P. and relative visual acuity 


0° 10° 20° 30° 40° 50° 
Degrees from fovea 

Graph showing the variation of the satiation 

period with increasing retinal eccentricity 

(Solid line) based on ten readings at each angle. 

The broken line shows the regional variation 

of relative visual acuity (after Duke-Elder 1932). 


On the aperture were two manually operated shutters, so that either eye could be covered. 
Illumination was by two 24-volt, 72-watt D.C. car headlamp bulbs to each cube, placed 
above and below out of sight and arranged so as to light up the white-painted cubes and 
leave the background black. Light intensities were controlled and matched for the two 


cubes, etc., by means of a photocell placed in frontof each. The speeds were synchronized 
and standardized with the aid of a stroboscope. 

The subjects recorded the time of reversal by pressing a key, this was timed on a time- 
event recorder to the nearest second. Fixation was maintained on a small white bead 
suspended to the side and 3j in. from the centre of each cube. In those experiments 
where two cubes were separated in space, the two fixation beads were made to coincide 
so that the two cubes were 7 in. apart, centre to centre, symmetrical about the fixation 
point. Where a-single cube was used the same off-centre fixation point was used so that 
all the results were comparable. The further the cube is out into the visual periphery the 
less is the satiation period, as space cues become progressively weaker (see Fig. 3). Care 
was taken therefore to keep the cubes at an equal distance from the fixation point. 
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nsfer experiments described below, except the colour transfer experiment, 
a dus s ies us inser at 45° to the line of sight as shown in Figure 2. By alter- 
nating the lighting, either cube A could be seen through the glass or cube B by refectio 
init. The subject gone Pup lights and could thus switch over from one cube to the 
n satiation had occurred. . y 
Sasa served in the initial studies but for the transfer experiments two subjects 
served throughout. Readings were never taken with less than 1 5 min. interval, so as to 
avoid after-effects and never more than five per day for any one subject. ; 
To have put more than two subjects through all the experiments would have been too 
laborious and unnecessary in view of the close agreement and high significance of the 
results. Anticipation, or suggestion, it is felt were not important factors for before the 
experiments were performed thi tcome was not in any way guessed. All attempts on 
the part of subjects to influence first reversal by attitude, failed. When reversal is 
about to occur a chance blink can bring it on, so that blinking was inhibited as much a8 
possible in the experiments, in any case this was likely to be a constant as between one 
condition and another. 
A few subjects did not always get a clear cut reversal but 
the cube. They were asked to 
always got clear cut reversals. 


a rather a rapid oscillation of 
ard this as a reversal. The two principal subjects 


Experiment Series A— Peripheral fa 


The first thing was to ensure tha: 
the satiation effect. 


rs eliminated 


ple peripheral factors were not the cause of 


Experiment Ax 


yes execute saccadic movements when regarding the — 
h ts of opposite sweep may occur and induce | 
an apparent change in direction. 


The eyes can not follow two opposi 
causing both reversals. Pheiffer, 
with Necker cubes, that 


Experiment A2 


Two subjects fixated on the stationary bead for 3 min. The rotating cube wa? 
then exposed and the satiation period m 


subject did not vary significantly fro 


‘al 
easured. The means of 1o readings for each — 
ies m the means obtained without a prefixatio? 
period. 


Tt is concluded that fati 
the satiation effect, 


gue due to the maintenance of fixation is not a actori . 


for each subject were igni ifferent from the means obtained without — 
prior eye movements, } 

Tt is concluded the fatigue due to any eye movements is not à factor in the — 
satiation effect. 


4 
Thus both the intrinsic and extrinsic eye muscles can not be playing a part in the p 

satiation effect, this conclusion is strengthened by the results of experiment Ch, 

where it is shown that there is no spatial transfer of the satiation period. Each past 

of the retina behaves independently, which would not be the case if the effect Welt — 

due to eye movement or focussing effects. s i 


, 
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Experiment A4 

The satiation period may be related to the movement after-effect as shown in 
the spiral after-effect. There are arguments against this however. In a rotating 
skeletal cube there is as much movement one way as the other, the nett effect would 
cancel out. It is well known (Wohlgemuth, r9rr) that no movement after-effect 
results when two opposed striped patterns move over the same field. The following 
experiment confirms this argument. 

Two subjects prefixed a moving striped drum for 3 min. before measuring their 
satiation. time A similar set of readings was takem with the striped drum seen 
rotating behind the cube whilst satiation was pee eding. The two motions were 
opposed in half the trials and in the same direction in the other half. 


In no case was the mean satiation time significantly different from the normal. 


Experiment Series B—The satiation process demonstrated 
Experiment Br.—The binocular satiation pei 


Ten subjects served. They were asked to look into the black box, the eye-shutters 
were initially closed, at a timed instant one:Shutter was opened, giving the subject 
a monocular view of the cube. The ect was told to fixate the white bead and 
press a key when the cube reversed its direction of rotation. This is the monocular 
satiation period. As soon as this occurred, the other eye shutter was opened giving 
a binocular view of the cube. The cube immediately resumed its true perspective 
and direction. The subjects were asked to record the next reversal. This is the 
ae satiation period. From Table I it is clear that the binocular period is far 
‘in excess, of the monocular. 


TABLE I 


MONOCULAR COMPARED WITH BINOCULAR SATIATION PERIODS AND THE 
UNWINDING EFFECT FOR TEN SUBJECTS. EXPERIMENTS Br AND B2 


After objective 


Before objective reversal of reversal of 
cube's direction cube's direction. 


Monocular S.P. | Binocular S.P. Binocular S.P. 


Means—so readings a 8/4 6:2 sec. 1573 sec. 24°5 sec. 
o o o 
23 73 8:2 


Differences very significant 


a 


This is very good evidence that the binocular satiation period is predominantly 
.& central phenomenon occurring above the optic chiasma, its generality is demon- 
strated by the fact that all the subjects showed the same long binocular satiation 
period. 

Two subjects recorded both the satiation periods and the reversal rate after 
reversals started. 


"The results are set out in seconds in Table II. 
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TABLE II 


SATIATION PERIODS AND SUBSEQUENT REVERSAL RATES FOR Two SUBJECTS. 
EXPERIMENT Br 
——————————— S 


Subject A Subject B 
Mean Binocular S.P.—50 readings — .. ES 18 sec. 30 sec. 
c 55 6:0 
Range 8 — 36 I4 — 50 
Mean period of Oscillation 3:0 sec. 3:0 sec. 
c 1-2 I'o 
Range cB i as "s PR e 1—8 I> 5 
a S 


It may be seen from Table II that th 
binocular satiation period is much longer 
the two ranges do not in fact overlap. 
spective rises from o to 100 per cent. o 
Figure 4 is obtained by plotting the n 
intervals between the subject first looki 

Here, therefore, are direct, clear-cut 
we had demonstrated these effects, a br 
menon was found in a paper by McD 
looking side-on at a rotating toy wind: 
and reversed to normal as soon as it 


e individual differences are significant. The 
than the subsequent mean period of reversal, 
The probability of seeing the reversed per- 
ver a period of about 30 sec. The graph in 
umber of reversals in the successive second 
ng at the cube and 50 sec. later, for roo trials. 
demonstrations of a satiation process. After 
ief, qualitative description of a similar pheno- 
ougall written in 1906. He noted that when 
mill, the arms reversed when one eye was closed, 
was opened again. 


FIGURE 4 


100 
80 
F ^ 
$ Subject A Subject A Subject B 
3 60 Monocular Binocular Binocular 
a 
o 
v 
Ei 
e 40 
v 
2 
v 
a 
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y a second effect. In this we 
exposed a rotating cube for a time sufficient to obtain the first apparent reversal of 


rotation was then changed and the satiation 
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time measured again. Table I shows that the second satiation time exceeds the 
first to a significant degree in the 10 subjects tested. 

As a control, in some trials, instead of reversing the objective direction of rotation 
the cube was rapidly reversed twice so that the original direction was restored. 
Reversal rate was not significantly interrupted, i.e. there was positive transfer of 
satiation over the interruption. Therefore, the main effect of reversal cannot be due 
to the momentary interruption of the movement. 

It is as if the effect of seeing the cube rotating one way for a while induces a 
perceptual "winding-up." When the cube is objectively reversed the previous effect 
has to be wound down, before being wound up sufficiently the other way to allow 
apparent reversal to occur. This effect may be called the unwinding effect. It is 
a negative transfer of satiation. It means that it is not only the satiation of one 
perspective alternative which is responsible for the apparent change of rotation in 
our cube, for if this were so, an objective change of direction when the cube is satiated 
would leave it still in a satiated, apparently alternating condition. The direction of 
rotation in depth must play a large part in the satiation process in this type of moving 
figure. The following two experiments are designed to answer questions about the 
role of rotation in the satiation effect. We asked whether previewing movement 
alone or the stationary cube alone would effect the satiation period. 


Experiment B3 

It has already been shown that moving stripes do not affect the satiation period 
(Experiment A4). 

A stationary cube was prefixed for a period of 3 min. prior to the revolving cube. 
Again there was no effect on the satiation time. 

Then a stationary cube was projected, simultaneously by the half-mirror, into 
the space occupied by the rotating cube. The satiation time was not affected. 

The satiation process involved in the rotating cube must be specific to the par- 
ticular rotation-in-depth of the stimulus figure. ` 

That rotation-in-depth is essential for the unwinding effect or negative transfer 
to manifest itself was demonstrated by Experiment B4. 


Experiment B4 
A rotating quadruple Lissajous figure was set up on the cathode-ray tube by means 


of two off-beat oscillators. An objective change in direction could be induced in the 
figure by manipulating the phasing of the component frequencies; the apparent 
reversal rate was not affected by the change. The only difference between the cube 


and the Lissajous figure is that the cube is three-dimensional. 


Experiment Series C—Transfer effects 
We next asked whether a second, rotating solid shape, such as a wire cylinder, 


would transfer its satiation effects to the cube. 


Experiment C1 

The subject fixated a rotating cylinder until it reversed its perspective, then 
switched the lights so that the half-reflecting glass projected a cube into the visual 
space previously occupied by the cylinder. In alternate trials the cylinder rotated 
in the opposite direction to the cube. Two subjects did 20 readings each. The 
satiation period of the cube remained its normal value under both conditions. A 


control condition using two identical cubes showed very significant transfer, that is 
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when they were going in the same direction the cube exposed second had a much 
reduced satiation period; when they were rotating in opposite directions the satiation 
period of the second cube was prolonged, that is the "unwinding" phenomenon 
occurred. 1 { 

In the second part of this experiment the cube and cylinder were Projected together 
in the same space. The cube seemed to be inside and just touching the cylinder. 
The two were accurately synchronized. 

Their satiation periods were similar and they tended to reverse together at first 
but after prolonged viewing they occasionally rotated in apparently opposed direc- 
tions, showing that the two processes were not necessarily “locked.” Further 
experiments are planned to study what pattern combinations give the most ''lock, 


this should provide some measure of the strength of configuration tendencies for 
various pattern combinations. 


We concluded from the ex 
Specific to itself. We next ask 
parts of the visual field. 


periments that a figure showing satiation is highly 
ed whether the satiation effect could transfer to other 


Experiment C2 


Two cubes were placed symmetrically about the fixatio: 
to centre. Cube A was exposed and allowed to satiate, 
cube B illuminated. In half the trials the reverse ord 
subjects did 20 readings 
by the first cube. The 
as form specific. 


n bead, 7 in. from centre 
it was then darkened and 
et was carried out. Two 
each. The satiation time of the second cube was not affected 
satiation process in this case is therefore locus specific as well 


Experiment C3 
This was further demonstrated by asking the sub 


point just behind the rotating cube. We predicted that satiation would be slowed 
down because We were not providing the visual System with a constant locus of 
stimulation. This is just what was found, the satiation time was on average four times 


jects to follow a rotating fixation 


tended 7° to the eye. Incidentally this partly explains why the satiation time i$ 


atic one; with a static figure a particular group 


9 A d therefore soon satiated; with a rotating figure 
each cell only receives intermittent stimulation. ''Cells" here does not refer to retina 


It is concluded from Experiments Cr, C2, and C3, 
at least, is an autoinhibitory process set up by the 
capable of inhibiting the depth-rotation interpretati 
other pattern or that pattern at any other locus, 


that satiation, in this situation 
Specific stimulus present an 
on of that stimulus but of nO 
This supports Kóhler's theory- 


Experiment Dx 


We found that the satiation time did not chan; 


: ge significantly with a change of 
brightness of four log units. With very dim illumination it fell off, probably because 
now the figure no longer looked solid, 


the diameter of the circle of movement sub- , 
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This independence between the satiation period and brightness suggests that the 
satiation rate is an exponential function of brightness and time. With high bright- 
ness, the initial rate of satiation of the extra bright stimulus is so rapid as not to 
affect the total satiation time appreciably. ‘ 

It may be, however, that satiation rate and brightness are truly independent. 
This would be so if the mechanism of satiation involved here operates at a level in 
the perceptual mechanism "above" that of the level of brightness discrimination. 
The fact that cues to depth so radically alter the satiation period supports this 
interpretation. 

Kéhler and Wallach (1944) postulated that a reversal of figure-ground illumination 
should not affect the satiation process in a Rubin cross or the figural-after-effects. 
Hochberg (1950) found a “directional” effect of this kind in a Rubin cross. We put 
the matter to test in Experiment D2. 


Experiment D2 

We asked whether there is transfer of satiation time from a black cube rotating 
on a white ground to a white cube on a black ground and vice versa. The half 
reflecting-glass technique was used as before. The results are given for two subjects 
in Table III. It can be seen that satiation was fully transferred between the two 
conditions. 


TABLE III 


TRANSFER OF SATIATION WHEN THE FIGURE-GROUND ILLUMINATION IS CHANGED. 
EXPERIMENT D2 
es eee 


S.P. after flick of 


S.P. before change 


S.P. after change 


light in control 


of fig.-ground ill. of fig.-ground ill. condition 
Subject A—ro readings . 15:4 Sec. 6:6 sec. 6:5 sec. 
o = 247 o = 2'2 

Difference not significant 
Subject B 22:0 sec. 4:7 sec. 6:6 sec, 
o= I0 o= 2:3 


Difference not significant beyond o'r 
level 


Ic P ANIME ee a aN R77 
It is difficult to draw definite conclusions from this experiment for the situation 
is not equivalent to the one which Kóhler and Hochberg used, but so far as they go, 


they support Kóhler. " A 
Finally an experiment was conducted to decide whether there is transfer of 


satiation time from a green to a red cube and vice versa. 


Experiment D3 

Wratten filters Nos. 25 and 58 were used. A cube was illuminated by one and 
then the other colour in alternating order on each trial. The results are given in 
Table IV. The control condition as in all these experiments consists in switching 


over from one white cube to another identical cube. 
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TABLE IV 


TRANSFER OF SATIATION FROM ONE COLOUR TO ANOTHER. 
EXPERIMENT D3 


— ——M—— EEE 


: S.P. after flick of 
S.P. for 1st S.P. for 2nd light in control 


colour colour condition 
Subject A—32 readings .. 20 sec. 8:5 sec. 477 sec. 
o = 52 c= 3:6 


Difference significant at 0°05 level 


Subject B—32 readings .. 27 sec. 5:5 sec. 2:3 sec. 
o= 3'I o = I'4 


Difference significant at o-or level 


Mean S.P. for green -.| Subject A 20 sec. 
Subject B 29 sec. 


; Differences not significant 
Mean S.P. for red -.| Subject A 21 sec. 


Subject B 25 sec. ; 

UCM 
Colour seems to be having some small effect here, there is not the same degree | 

of transfer as in the white to white condition. This could be because different 
receptors are being stimulated by the different wavelengths. The other possibility 
[ one colour than the other, perhaps 

due to differing amounts of chromatic aberration. This would show as a longer 
, but as the figures show, this is not the case: 


ith colours is therefore another aspect of thé 
absence of spatial transfer of satiation. 


óhler did, in terms of # 
This does not fit the case ? 


a solid reversible cube, for here there is no shift of figure location except in the thir 


dimension. Köhler holds that the isomorphic cortical field is three-dimensional but 
it has always been difficult to reconcile this and Kóhler's insistence that the corte* 
acts as a volume, electrolytic conductor with the kn 
The cortex is virtually two-dimensional. Lashley, Ch 


paper but it would have a neuronal basis. 
As an alternative to Kóhler's simple tridimensional isomorphism, it may be that 
depth cues are decoded and integrated in a cortical centr i 


à te € which deals with this type 
of information abstracted or “filtered” from other informational content, such 85 
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Spatial location, colour, etc. However, the absence of transfer in the satiation of the 
perspective of a three-dimensional cube suggests that the three-dimensional and 
movement aspects of a figure are not “abstracted” from “location” in cortical 
processes, at least prior to the symbolic-conceptual level of functioning. That is 
not to say that there are not different "centres" responsible for decoding and inte- 
grating location, movement, depth, etc., but that “position” or “local sign” is carried 
through these several processes in the perceptual mechanism. 

There is evidence for assuming a separate centre for three-dimensionality. 
Critchley (1953, p. 300) quotes a case of Riddoch's who had a bullet wound in the 
left parietal and right occipital areas. Everything he saw was flat, landscape was 
like a piece of stage scenery. The case was possibly complicated by some agnosia, 
so that any conclusions must be tentative. 


The problem of a moving stimulus and satiation 


Then there is the problem of the movement of the cube. As Smith (1948) pointed 
out, it is difficult to see how Kóhler's theory or the statistical theory of Osgood and 
Heyer (1952) can account for after-effects produced by moving stimuli. On these 
theories a homogeneous area or, in the case of three-dimensional movement, a volume, 
of satiation should result and the identity of the moving pattern should be “washed 
out." 

The evidence is not unanimous that satiation can occur without fixation. In 
the movement-after-effect, an after-effect is produced which is related to the direction 
of movement of the inspection lines, whether or not the subject fixates the lines. 
Gibson (1933) got his effects, of viewing the world through prisms, without fixation. 
Carlson (1959) used moving, curved lines and still got evidence of a figural after- 
effect. On the other hand, Summerfield and Miller (1955) found that fixation was 
necessary to produce an after-effect of viewing the radiating line pattern of the 
Herring-bone illusion. 

Our cube clearly satiates in spite of its movement and this does not transfer to 
other shapes, therefore, the rotation of the cube does not result in a homogeneous area 
or volume of satiation in the cortex but a specific movement-in-depth-cubic-pattern 
of satiation. This finding contradicts Kóhler's theory of non-neuronal conduction. 

George, (1953), Deutsch (1955, 1956) and Spitz (1958) have each tried to reconcile 
one or other theory of the figural-after-effects with a movement of the inspection 
figure, especially the movement-after-effect. What they all lack and what Kóhler's 
volume-conductor theory lacks, is a mechanism which is direction sensitive to a series 
of moving repetitive stimuli and which can maintain the object constancy or figural 
identity of the moving shape. f 

As an example, take Deutsch’s theory. He postulated that contours radiate 
impulses, in an array of receptor cells, at right-angles to the length of the contour 
but that this propagated wave will be impeded if it passes into a previously excited 
area. Thus when a line moves across the retina the wave propagated behind the 
line will be impeded as it flows into cells which have just been stimulated by the line, 
but will not be impeded in front of the line. This differential rate of flow is the basis 
of the directional sensitivity of the visual mechanism and accounts for the movement 
after-effect, for when the stimulus is removed, there occurs rebound. The theory 
breaks down when several equally spaced moving stimulus lines are considered, for 
now both the forward and the backward propagated waves flow into areas which 
have just been stimulated. The net effect would cancel out. A similar argument 
applies to the other theories mentioned. 
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Bowditch and Hall (1881) postulated a cortical movement centre for the apre 1 
tion of movement. Exner (1888) suggested that the eye-movement centres oe E 
both the velocity and direction of moving stimuli. Something is known of e 
movements of the retinal-image which result from eye or head movements t 
compensated and it is known that eye movement centres are involved. It is hel 
clear how such relatively simple compensatory mechanisms could operate wh 
separate parts of the visual world move in opposed directions, as in the rotating } 
cube or spiral after-effect. A highly elaborate system must be assumed which ^" 
achieve object constancy in spite of complex movements and this requires a high von ' 
of integration of information, retaining its specific content, from wide areas of P 
visual field. Perhaps movement is, as it were, "taken out” of the information son ( 
as a matrix of successive differentials. In this way patterns of movement woul 


The evidence in this paper shows that satiation : 
proceeds in specific sequences or their coded spatial counterparts and thus reveals 
essential weakness of these non-specific theories, 


Tn conclusion, Kóhler's theory of satiation is 


his theory of non-neuronal conduction. Perhaps auto-inhibition is a better term tha? 


satiation. Further experiments are in progress in which auto-inhibitory processes. 
are being studied to answer the following questions. 4 


(t) What is responsible for the individual di l e: 
Shows are significant and consistent from day to day? Possibilities a/€^ 


Stereoscopic acuity; fixation steadiness; the cortical-inhibitory processes 
metabolism, etc. ; age. 


(2) How long will the satiation Processes 
(3) Do other situations of biased ambi 


supported in a formal way, but not 
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THE EFFECT OF TWO *TRANQUILLIZERS^ ON AUDITORY 
DISCRIMINATION AND DELAYED RESPONSE 
PERFORMANCE OF MONKEYS 


BY 


CHARLES G. GROSS* and LAWRENCE WEISKRANTZ 
From the Psychological Laboratory, University of Cambridge 


Five rhesus monkeys were tested on performance of an auditory discrimination and 
a delayed response test with a sliding scale of increasing difficulty after treatment vi. 
(a) 0-2 to 0:5 mgm./kgm. reserpine, (b) 150 mgm./kgm. meprobamate, (c) an equivalere 
saline injection, and (7) no treatment. Both drug treatments resulted in a severe defici 
on the auditory discrimination and no change or improvement in delayed response perform- 
ance. The auditory deficit was not due simply to an increased latency of response. 1 

It is suggested that these results support the hypothesis that reserpine and mepro- - 
bamate reduce the utilization of sensory information. 


INTRODUCTION 


There is a rapidly-growing experimental literature on the effects of‘tranquillizing 
drugs" on human and animal behaviour. Most investigators have concentrated 0? 
the "conditioned emotional" sphere of behaviour, while there has been a paucity 0 
work on the effects of these drugs in such areas as discrimination and motivation: 
One suggested general characterization of the behavioural effects of tranquillizet 
action has been that these agents exert their effect on behaviour by reducing sensory 
input (Weiskrantz, 1957). The present communication reports a test of a specific 
formulation of this hypothesis, viz. are reserpine and meprobamate, two tranquillize® 
differing over a wide range of behavioural and physiological properties (Berger, 1957!" 
able to decrease the utilization of information by a rhesus monkey in performing 
auditory discrimination? In order to study the specificity of the drug effect, th? 
animals were also examined on another type of test, spatial delayed response. 


METHOD 
Subjects 
Five untamed rhesus monkeys (Macaca mulatta) ranging in weight from 3-6 to “5 kent 
were used as subjects. Throughout the experiment AES ain tes on af ad lib: 
diet of lab. chow and water. They had received neither drug previously. 


Apparatus 


Both tests utilized a Wisconsin General Test Apparatus (WGTA). The experimental 


um kel darkened, the only illumination being a 60-watt frosted bulb in the top of the 


Test procedure 
Auditory discrimination 


The monkeys were trained to perform a discrimination between white noise and ? 
1,000 C.p.s. tone in a "go—no-go" (successive) discrimination Situation. The white 
noise was 68 dB. and the tone 67-5 dB. as measured by a Dower Sound Level Meter TYP? 
1400 C. The speaker for both sound sources was located behind the experimenter, about 
4 ft. from the monkey and at the level of his head. Five sec. after the sound stimulus W 
turned on the opaque screen of the WGTA was raised for a 5-sec. period during which 

' monkey faced a single cup covering a food well. If it displaced the cup within this 5-9€* 


* Predoctoral Fellow, National Institute of Mental Health, United States Publié 
Health Service, in the Department of Psychology, University of Cambridge. 
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period when the white noise (positive stimulus) was on, it found a small piece of apple in 
the food well. Conversely, if it refrained from responding in this period when the tone 
(negative stimulus) was on, it received a piece of apple by hand. However, if it either 
displaced the cup when the negative stimulus was on or did not displace the cup when the 
positive stimulus was on, it did not receive any apple during that trial. The stimulus was 
turned off and the opaque screen dropped after the cup was displaced or at the end of the 
5-sec. period, whichever came first. The sequence of stimuli was determined from a 
random table so adjusted that the number of positive stimuli presented equalled the 
negative ones in each session. 


Spatial delayed response. 

Two identical cups covered two food wells located 7in. apart. They were separated 
by a thin vertical partition to prevent the monkey from displacing both cups in a single 
trial by moving its hand quickly from one cup to the other. At the start of each trial 
the cups covered both food wells. When the opaque screen was raised the experimenter 
showed the monkey a piece of apple for 5 sec., displaced one cup and placed the food in 
the well under it, replaced the cup and then lowered the opaque screen for a specified delay 
interval. The delay interval was determined by a sliding scale of increasing difficulty. 
Tf the animal did not make an error in four consecutive trials the delay interval was 
increased one step, from an initial interval of 5 sec. to a maximum ofi40sec. The steps 
were 5, 7, 15, 20, 25, 30, 40, 60, 100 and 140 sec. The sequence of cups baited was deter- 
mined from a random number table so adjusted that both cups were baited within each 
step at least once and both cups were baited an equal number of trials within each session. 

No correction trials were given in either problem. 


Pre-drug training schedule 

Previous to this experiment none of the animals had had any experience in a WGTA. 
Their only test experience had been in a Skinner Box, where they were trained on fixed 
ratio and differential reinforcement of low rates schedules with blackcurrant juice as the 
reinforcement (Gross, Oxbury and Weiskrantz, 1960). 

After they learned to displace the cups for pieces of food they were trained successively 
to a criterion of 90 correct in 100 trials On I sec., 5 sec., and ro sec. spatial delayed response 
tests and then on the auditory discrimination. Training consisted of 40 trials per day. 


Dosages and schedule of testing 
Meprobamate. The meprobamate dosage was 150 mgm./kgm. injected intramuscularly 
in à vehicle of polyethylene glycol 400 (Wallace) The animals were tested alternately 
either 1 hr. after injection with meprobamate or as controls. Test sessions occurred every 
other day. All five animals received at least five sessions of drug treatment and five 
intervening control sessions. Each session consisted of 60 trials sliding-scale delayed 
response and 30 trials auditory discrimination. Control procedures were either an equi- 
valent volume injection of physiological saline or no treatment. The interval between 

injection and testing was equal for drug and saline controlsessions. . : 
Reserpine. Reserpine was injected intramuscularly in a distilled water vehicle 
(Ciba), The dose levels and injection-testing interval are indicated in Table II. Four 
monkeys were used as subjects. Animals 14 and 16 received 60 trials sliding-scale delayed 
response and 30 trials auditory discrimination per experimental session. Animals 12 
and' 17 received 40 and 20 trials per session respectively on the two tests. At least one 
week intervened between successive reserpine injections. Control sessions were given 
.I or 2 days before each drug injection. Control procedures were the same as those for 
meprobamate. Since animals tend to become non-reactive under heavy doses of reser- 
pine, the dosage was varied in an attempt to obtain information on the maximal effect 
of the drug that is possible without contamination by the animal's refusal to respond. 
Time of testing following injection was varied for the same reasons. _ For example, with 
a heavy dose (0-5 mgm./kgm.), it was necessary to wait 20 hr. after injection before the 
animal was sufficiently responsive (see Table II). 


Treatment of data 

With some doses of the drugs on some occasions, animals did not complete all of the 
trials in a session. When this occurred, the entire session (both the auditory and delay 
problems) was rejected except when it could be matched with the previous control session 
in which approximately the same number of trials on each problem had been performed 
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i j indi i Tables I and II. 
al. These adjustments are indicated in the footnote to e : 
Pe ebjett of this Beatit was to compare control and experimental sessions without 
contamination by periods in which the animals were not responding. i 
A one-tailed t-test was used for the auditory data and a two-tailed one for the delay 
data in accordance with the hypothesis being tested. 


RESULTS 
General observations 


Meprobamate. The experimental dosage of 150 mgm./kgm. occasionally caused 
slight incoordination. However, we never observed anything that could be con- 
strued as a “taming effect" at this or higher dosages as has been reported (Berger, 
1954,1957). High doses (e.g. 400 mgm./kgm.) caused partial or complete '*paralysis. 
In this condition the monkeys appeared to be even more frightened of humans than 
normally, presumably because of their inability to move away. 

Reserpine. Doses of reserpine equal to or lai 
dosage (0-5 mgm./kgm.) caused what a 
or long "refractory" period followi 
currently under study. 


tger than the highest experimental 
ppeared to be an extremely rapid habituation 
ng any stimulus. This "non-reactivity" i$ 


Auditory and delayed response test 


On the auditory task, the animals made a total of 56 errors in 580 trials after 
injection of an equivalent volume of sal 


ment. On the delay task they made a t 


with reserpine sli 
performance after treatment with this drug. 
; Essentially the same picture occurred using the avera 
reached by each subject under each condition. 
transforming the delay values into their ord 


ge maximum delay period 
(These values were computed 
inal ranks before averaging.) 


yed response performance following reserpine 
treatment when the data for all the monkeys are grou 


ped agrees with the findings ° 
Hall, Warren and Harlow (1955) and Riopelle and 
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may have been due to decreased distractibility. Obviously, however, reserpine under 
these conditions cannot lead to complete sensory blockade, or the animals would not 
discriminate the baiting of the cup. The suggestion made here is that stimulus 
detection may still occur under certain very favourable circumstances —with intense 
stimuli or with strongly reinforcing stimuli, such as a piece of apple, presented in 
such a way as to maximize attention as is typically done during a delayed-response 
baiting session. Without such optimal conditions, however, detection may be 
damped. A functionally similar description would be one which stated that the 
background noise level is higher, so that only the stimuli least likely to be masked 
out by the noise would be detected. 

Riopelle and Pfeiffer (1958) have reported that reserpine had no effect on the 
learning of a visual multiple discrimination task by monkeys. This possible dis- 
crepancy between our results and theirs may be related to one or more of the following 
considerations: (a) Reserpine may decrease the inflow of auditory information and 
not affect the information necessary for visual problems. However, Wilson (Weisk- 
rantz, 1957) found “visual discrimination performance begins to deteriorate as 2 
function of dosage and time after reserpine injection, first becoming random and 

Riopelle and Pfeiffer report that their monkeys 
e test before participating in this experiment an 


cts of the reserpine treatment. (c) Perhaps t f 
our study and theirs was that their measure 
ple discrimination problem, was essentially, ? 
' whereas our measure was of performance à i 


However, it might be argued th 
. were simply due to not responding or to 


t respond within 5 sec. on half the trials. Howevel ` 


E ONSE IE ance 
after drug injection and on control days (Table IIT) kde tue Pi ihe errors 
were due to the animals responding when they should 
ponding when they should, thus ruling out increased 
explanation of the results, 

Another possible explanation of our res 


ults is that the audito oblem was 32 
some way "more difficult" or was characteri s 


zed by "less stable performance” than the 
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TABLE III 
Errors MapE on No-co TRIALS (Per CENT. or TOTAL ERRORS) 


. Emmoms Mapr ow No-co Tuas (PER Uwe m 


Monkey Drug Control 

A. Meprobamate: 
12 89:5 56:3 
13 e 776 50:0 
14 ses N sie +: 85:3 778 
16 dis de z. E 88:2 66:6 
17 b 76:2 409 
Meprobamate mean A A or ss 754 54:3 

B. Reserpine: 

12 1000 0-0 
14 oe an T : I00ʻ0 88:9 
16 $e. Em m ae 100:0 100:0 
l 17 3070 66:7 
Reserpine mean -- 84:4 . 63:9 


delayed response problem. If this were true then any non-specific interference with 
the animals' behaviour might be expected to have a greater effect on performance 
of the auditory discrimination. However, an examination of Tables I and II shows 
that control performance on the auditory discrimination remained at an average level 
of 93 per cent. correct, whereas control performance on the delayed response resulted 
in an average of only 77 per cent. correct trials. 

Therefore the original hypothesis, that meprobamate and reserpine decrease the 
utilization of the sensory information necessary to perform an auditory discrimination 
in rhesus monkeys, is considered to have been strongly supported by the present 


experiment. 
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VISUAL ORIENTATION PREFERENCES IN THE RAT 


BY 


P. C. DODWELL 
From the Department of Psychology, Queen's University, Kingston, Ontario 


i i ference in hooded rats for 

An experiment was performed which demonstrated a pre [ a J 

vertical aE e than horizontal striations. It was demonstrated that experience in Es 

criminating between horizontal and vertical striations facilitates subsequent discrimina aA 
between squares and circles, regardless of which type of striation was positive in ini 


training. This finding has implications for theories of shape recognition, which are 
discussed. 


INTRODUCTION 


Deutsch's theory of shape recognition (Deutsch, 1955 
In replying to Dodwell’s criticisms, Deutsch suggests 
that preference for jumping to horizontal lines i 
the natural state jumping towards horizontal obje 
utility (Deutsch, 1958). He quotes Lashley's fi 
tended to prefer horizontal to vertical striations i i 


vertical striations, and j 


the horizontal base of the open door (Dodwell, 1958 a). 
have been learned, rather than “built in.” 


y to vertical striations, (b) that learning to jumP 
ve, should be accomplished quicker than learning 
to jump to vertical positive, horizontal negative, and (c) that more transfer to square? 
should be obtained when training has been on horizontal positive, than when training 
has been on vertical positive. Deutsch’s theory, incidentally, would not predict 
transfer in either case, All three implications are tested in the experiment, and the 
last gives an indirect test of the validity of Deutsch’s theory, since his argument about 


s cannot hold for vertical lines 25 
‘ations (positive) facilitates the 


discrimination of Square from circle, this evidence will be evidence against Deutsch $ 


theory. 

It was decided to investigate preferences for h 
thoroughly since, despite what has been said, 
Deutsch's criticism might not be entirely vacu 


orizontal and vertical quite 


the writer was inclined to think that 
ous. 
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EXPERIMENT 


Apparatus and method. Jumping stands were used; one two-card, and one three-card 
stand. The two-card stand embodied modifications of Lashley's stand described else- 
where in detail (Dodwell, 1957); namely, the jumping platform was Y-shaped, and the 
stimulus cards were so arranged that the rat's orientation was normal to the card when it 
stood on one of the arms of the platform; the cards themselves were 12 in. square, the 
shape being presented at the centre of this square against a homogeneous black background. 
These features were also incorporated in the three card stand (see Figure 1). The reason 
for using two- and three-card stands was the following: it has been claimed (e.g. by Fields, 
1953) that multiple discrimination stands lead to more efficient learning than two-card 
stands. The writer thought it worth finding out whether the three-card stand would give 
better results than the two-card stand. The differences observed are reported below. 
A slight complication in using the three-card stand is that rats might learn to discriminate 
“one different” if always shown one positive with two negative cards, so it is necessary 
to show one positive and two negative shapes on some trials, two positive and one negative 
on others. If the two conditions are used with equal frequency, and arranged in a random 
sequence, the probability of correct choices by chance is the same as for the two-card 
stand, and the results are directly comparable for the two stands. This arrangement was 
used for the three-card stand groups in the present experiment. This eliminates the factor 
of “oddity” learning, which probably is the basis for the greater efficiency of multiple- 
card stands noted by Fields. A design involving the possibility of oddity learning would 
invalidate the types of transfer test and training described below, and would therefore 
limit the usefulness of multiple-card stands for investigations of genuine discriminatory 


transfer. 
FIGURE 1 


The three-card jumping stand. 
A, goal-box. 
B, stimulus cards. 
C, jumping platform. 
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shapes used for training were horizontal and vertical striations, consisting 
of eae E cards, each with four white and three black j-in.stripes. The same caro 
could be used as either horizontal or vertical striations, since the shapes could be ro EU 
as described previously (Dodwell, 1957). Transfer shapes—squares and CE 
consisted of 3-in. squares and circles of the same area outlined in white ink on matt- Ke 
cards. Three different widths of outline were used for each shape, so that the possibi! if 
of transfer discrimination in terms of brightness could be controlled (Dodwell, 1957): 
All animals were trained in the jumping habit on a brightness discrimination, CODSUIM 
no cues of a shapelike character, and no orientational cues, as described elsewhere (Dodo 
1960). The animals were placed on a water deprivation schedule some days before i 
beginning of training, having access to water for 2 hr. each day. During the experimen 
they were run after approximately 20 hr. water deprivation, and could drink in wa 
goal-box. The subjects were 12 male hooded rats (Long-Evans strain) approximately 
3 months old at the beginning of the experiment, 


Design and procedure. The 12 rats were divide 
brightness pre-training; both 
vertical striations with ro jumps per rat per day, 
B horizontal positive. Each group was further 
and BI being trained on the three-card stand, gr: 
These groups are shown in Table I, together with the numbers in each group. (Uae 
fortunately, an epidemic of some unidentified di 
training, during which four of the original 16 


TABLE I 


Division Into Four SuB-GRoups, ACCORDING TO TRAINING PATTERNS 
AND TYPE OF STAND 


, | -— f 


Training patterns 
der a 
Group Positive Negative Subgroup | Type of stand| No. of rats 
a ee S 

A | AI 3-card 3 

AII 2-card 3 
B — | | | | BI 3-card 4 

BII 2-card. 2 


animals from both groups (A and B) being trained with Square positive, some with cito 
division is shown in Table IV below. 


RESULTS 


A Pronounced preference was demonstrated, but the 
that predicted on Deutsch’s hypothesis of 
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FIGURE 2 


O Group A 
9 Group B 


Percentage correct responses 


Day 


Training on striations: group A, vertical positive; group B, horizontal positive. 


s significant, but the difference between stands is not 
showed initial preferences for their positive shapes, but 
f frequency of correct jumps on the first day of 
training. Table IIB shows that, both in terms of number of trials and of errors, 
the three-card stand animals learned less rapidly than the two-card stand animals. 
Hence, the contention that a three-card stand is more efficient is not supported, where 


oddity learning is ruled out. 


ositive and vertical positive i 
(see Table IIA). Both groups 
they are not significant on a X? test o 


TABLE II 
(A) ANALYSIS OF VARIANCE ON INITIAL TRAINING SCORES 


Source af M.S. V.R 
ad OL SERERE AE CULA LIRE Es 
Between stands m I 193 
Between shapes* 1 SIS 6:1** 
Interaction I 44 
Within 8 517 e 
Total II = "Af 


e and vertical positive. An analysis of error scores 


* T.e. between horizontal positiv vert i 
It: a significant difference between shapes, but not 


yielded substantially the same Tesu 
between stands. ' 
** p <0'05. 
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TABLE II—continued 
(B) Mzaw Scores 


Mean trials to | Mean errors to 
Group criterion criterion 
AN s we m Hi) 93:3 16:7 
ATIS De CE E 73:3 12:0 
BIS s oe e 260-0 49°0 
BIT. ke ve 3n 160-0 42:0 


Transfer tests. The transfer tests showed no significant overall tendency to jump 
to the squares. Taking the subgroups separately, however, group AII showed F 
significant preference for the Square, but none of the others did so. See Table III. 


TABLE III 
TRANSFER TESTS TO SQUARE AND CIRCLE 


Percentage 


jumps to square x 

ee 

ATIS. P s A 56:7 N.S. 
Aly oe $e n 76:7 b «oor 
BL) s x Ps si 35 N.S; 
BI ave x zm 52:5 N.S. 
All .. ^ als M 60 N.S. 

TABLE IV 


TRAINING TO SQUARE AND CIRCLE 


Training shapes 


Percentage 
Se uu jumps to 
Group Positive Negative N square ži 
A square circle 2 62:5 p «ool 
circle square 2 64-2 pool 
B square circle 4 56:8 p «o5 
circle Square 2 60 p <0'05 
A+B square circle 6 59:5 0:001 
A+B circle square 4 62-1 p <oo01 


een percentage jumps to the square whet 
these were rewarded and when they were punished, nor was the Overall percentage 
roup A than for group B. 
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FIGURE 3 


80 
70 


60 
50 
40 


30 
20 


IL Tory rj. W AAE I 2 WIES. py ee. | 2 "30A SEO 
Groups A and B Group A Group B 


Transfer training on squares and circles showing per cent. correct ju i 
i I ci i : mps. Open 
rats trained with square positive; filled circles, rats trained With eccl LEE 


or fourth day. Thus, the tendency to jump to the square increases even in those rats 
which are punished for jumping to the square, and in the same rats the tendency to 
jump to the circle—a rewarded response—diminishes. Evidently a straightforward 
explanation in terms of habit strength and reinforcement would be impossible (cf. 
Dodwell, 1958 5, 1961). The tendency to jump to the square was about the 
same for the rats rewarded for this response as it was for those punished: x? tests 
showed differences were non-significant overall, and for groups A and B separately. 
Group A rats tend to show more pronounced preference for the square than do those 
in group B (Fig. 3), but the difference is not significant. There were no significant 
differences in the performance of two-card and three-card stand animals. 

Two rats in group AII showed, individually, significant preference for the square 
in the initial transfer situation. These two rats were not given training on squares 
and circles; if they had been, no doubt they would simply have increased the overall 


tendency to jump to the square in group A. Instead, they were given a second 
ngle with one side vertical, to see whether a 


transfer test, on circle v. equilateral trial 
vertical side was as effective as an isolated discriminandum as a horizontal side 


(Dodwell, 1957). The tests demonstrated no tendency to jump to the triangle. 
The following conclusions can be drawn :— 


(a) These rats, having had no pre-training on shape and/or orientation, show 
a marked preference for vertical as against horizontal striations. 

(b) Training on discrimination of horizontal and vertical striations, whichever 
one is positive, leads to a strong preference for squares over circles in subse- 


quent training. 
(c) Both these preferences fail to show up in the first few training trials. 


(@) The experiment does not yield evidence to support the contention that a 
three-card stand yields more efficient discrimination learning than a two-card 


stand. 


Conclusions. 


DISCUSSION 
ctively dispose of Deutsch's argument about the 
to horizontal shapes, but there is no obvious reason 
However, the result does reinforce the argument 


Conclusions (a) and (b) effe 
biological advantages of jumping 
why they should prefer the vertical. 
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put forward elsewhere (Dodwell, 1957, 1961) that orientation is of prime importi 
in shape discrimination for therat. One might wonder why this result has not b 
obtained previously. This seems puzzling, but the reason may be that in prey i, 
work jumping to an open door has always preceded training on striations (see T ow). 
The results of the transfer tests are at variance with results reported previously 
(Dodwell, 1957). However, the conditions were not identical in the two experim cA 
thus, in the earlier experiment, where rats showed immediate and perfect transfer a 
squares after training on horizontal and vertical striations (horizontal positive) t 1 
rats had previously learned to discriminate a plain wooden door ona black backgr oun 1 
from a plain black card, so that in effect they had had two discrimination situation: 
involving a horizontal line in the positive Shape before transfer tests on square an 
circle. Also, the shapes used in the earlier experiment were somewhat larger than 
those used in the present experiment. It is possible, too, that there may be son 
difference between strains of hooded rats in visual capacity; there were considerable 
individual differences in transfer preferences jn the present experiment, and it will 
be recalled that two rats gave almost perfect transfer to the square—but after training 
with vertical striations positive. 
The results of the subsequent trainin; 
are clear-cut, and might have been predi 
nition (Dodwell, 1957) since the s 
zontal and with the vertical striations. 
theory alone, nor with his subsidiary sy: 
tion (Deutsch, 1958) nor indeed with b 
of biological utility. In the latter 
avoidance of the square in rats tra 
horizontal shape (which, in Deutsch’ 


vertical striations is irrelevant. 
had no previous training on shape 
and circles of the sort used in the 
so the preferences observed can r 
striations. 


The fact that preferences for the square were not immediate, although very 
marked when they did appear, supports an argument put forward elsewhere (Dodwe": 
1960) on the dangers of drawing inferences about lack of discriminatory transfer 
on the basis of negative results in immediate transfer tests. Why discriminatory 
transfer should appear only after a number of trials is something of a mystery (ct 
however, Dodwell, 1961). 


; , : ing to jump to horizontals should Þe 
accomplished more quick j 


, and (c) that there should 
be transfer from horizontals to Squares, but not from vertical 
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SHORTER ARTICLES AND NOTES 


LIKE AND CROSS MODALITY RECOGNITION IN 
SUBNORMAL CHILDREN 
BY 
N. O'CONNOR and B. HERMELIN 


From the Medical Research Council Social Psychiatry Research Unit, 
Institute of Psychiatry, London 


hat some subnormal patients have good 
ng their capacity to retain and recogni7 
The nature and extent of memory 7? 


Therefore the hypothesis for the present experiment was that cross-modality 
recognition would necessitate translation from one ty 
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METHOD 


The subjects were 72 institutionalized imbeciles’ Twenty-four had I.Q.s fr 
45, Mean I.Q. 39, M.A. from 4 to 6 years, and 24 had I.Q.s onis to 55, Ae M i 
from 7 to 9 years. I.Q.s were based on the Terman-Merrill Scale. To compare Short-term 
with long-term memory a third group of 24 imbecile children was given the recognition 
task 1 week after initial stimulus presentation. These were matched in age and I.Q. 
with those of mental age 4 to 6 years. The groups were clinically heterogeneous and only 
those with sensory or motor defects were excluded. In each of the two low I.Q. groups 
_ and in the higher I.Q. group quadruplets, matched for mental and chronological age were 
formed and the individual members randomly allocated to four sub-groups. Treatments 
given were: visual-visual, auditory-auditory, visual-auditory and auditory-visual. 


TABLE I 


STIMULUS AND CONTROL WORDS 
Se ee MEMERUSSER Lee i e 


Stimulus Percentage Control Percentage 
Number words frequency Number words frequency ` 
I Tree 97:5 9 Girl 97:5 
2 House 93:8 IO Horse 95:0 
3 Ball 9r3 II Boat 92:5 
4 Clock 875 12 Chair 88-8 
5 Train 81-3 13 Bed 81-3 
6 Cow 78:8 14 Fish 78:8 
7 Bird 7T5 I5 Fork 763 
8 Hand 60-6 16 Flag 61:3 


The material consisted of 16 simple line drawings of common objects, on cards 
measuring 3] in. X 5 in., and a magnetic tape on which the spoken names of these objects 
were recorded. The latter are given in Table I. The stimuli were selected from Mein's 
(personal communication) vocabulary of imbecile speech, and only words which had 
a frequency of occurrence of 60 per cent. or over were included. 

For any one sub-group eight items were presented once, singly in succession, with 
a ro-sec. interval between stimuli, Those presented with words were required to repeat 
each word asit was heard. Those receiving pictorial stimuli matched each one in turn with 
the identical pictures in their possession, which had been arranged in the same order as 
the cue stimuli. Immediately following this, these same eight stimuli had to be picked 
out from among an equal number of new ones in the like-modality recognition tests. In 


TABLE II 


EXPERIMENTAL DESIGN 


Group 1st Presentation 2nd Presentation 
I 8 Pictures 16 Pictures 
2 8 Words 16 Words 
3 8 Pictures 16 Words 
4 8 Words 16 Pictures 


'cross-modality trials, stimuli were presented in the other modality for recognition. 
jously presented their names, and instead of words the 


Instead of the pictures prev 5 
corresponding pictures, had to be recognized from among an equal number of new words 
and pictures. The stimuli in the recognition tests were also presented singly in succession 


in random order. Instructions were minimal. Those in the like-modality groups were 
asked to say if they had seen or heard each item on the previous occasion. The cross- 
modality groups were required to say if they had heard the name of a corresponding 
Picture, or seen the picture corresponding to a particular word at the preceding session. 
No corrections or reinforcements were given. The experimental procedure is shown in 


Table II. 
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RESULTS 


The data are the correct "Yes" and “No” responses to each of a sequence of 16 © 
stimuli. A chance score is taken to be at the level of 50 per cent. correct answers. 
This may be achieved by giving uniformly positive or negative replies, or in the more 
expected way by a random distribution of “Yes” and “No” answers. A trans- 
formation, suggested by A. E. Maxwell on the principle underlying Cox's (1958) 
method for the analysis of trends in binary sequences was adopted to give a measure 
for each subject of the deviation of his score from chance. i 

The stimuli were ranked from r1 to 16, and a score was obtained as the sum of those 
ranks to which a correct response was given. This process was repeated ranking 10 
the opposite direction and the ranks again summed. The mean of the two sums of 
correct rankings was taken as the final score which was expressed as the positive oF 
negative deviation of the figure obtained from a chance distribution of success OT 


failure (i.e. half the total sum of ranks). The means and standard deviations of the 
transformed scores are given in Table III. 


TABLE III 
MEAN RECOGNITION SCORES FROM A PossiBLE Maximum or 68 


Long-term 


A Immediate vecognition recognition 

Presentation Recognition M.A.71t09 M.A. 4106 M.A. 4 to 6 
Auditory Auditory 510 + 24:5 90 c 97 85-127 
Visual Visual 49°9 + 25:5 17:0 + 21:9 r3+ 3% 
Auditory Visual 438 + 21-1 3r1 + 243 18-4 + 18:8 
Visual Auditory 60:8 + 9:2 43°9 + 23:8 19:8 $ 212 


LAE — = 


' A three-way analysis of variance comparing higher with lower mental ages, like 
with cross-modality, and visual with auditory recognition was carried out on t 
transformed scores. A significant difference between mental age groups was foun® 
those with higher mental ages performing better throughout. There was also [ 
significant difference between like- and cross-modality recognition scores, showing th! 
cross-modality trials resulted in better performance. In the higher mental age group 
all subjects obtained relatively high scores, so that differences between sub-group’ 
are not very marked. Those with lower mental ages obtained the best results under 
conditions of visual presentation and auditory recognition, and the auditory-audito 


sub-group had the lowest scores. Results of the analysis are given in Table IV. 


TABLE IV 
ANALYSIS OF VARIANCE RESULTS 

Source V.R. df. F P 7 
AC AURI es i ae 
Mental age 8164-08 I 17 «0:001 
Vis.-aud. recognition 2. 402:52 1 dy N.S. 
Like-cross mod. recognition ..| 2133-33 I 4°54 «o5 
M.A. X Vis.-aud. recognition .. 140-09 T 0-30 N.S 
M.A. X Like-cross mod. 1507:53 1 321 N.S 
Vis.-aud. X Like-cross S 990-09 I 2-11 N.S 
M.A. x Vis.-aud. x Like-cross 20-00 I 0-04 N.S 
Error E ab ev 469-95 40 
c--——À——Ó—— ee HP 
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There was an interesting indication of the nature of errors in the memory process. 
More errors were due to giving a positive recognition response to a stimulus which 
had not previously been presented than to failure to recognize one of the positive 
items. This was particularly apparent with subjects of lower mentalage. However, 
when the results of those with lower mental ages were compared under like- and 
cross-modality conditions, 8 out of 12 in the like-modality groups gave either 
randomly distributed or indiscriminately affirmative responses, thus obtaining a 
score of o, while only 3 out of 12 in the cross-modality groups had such scores 


(x* = 4:2, p = 005). 


Long-term recognition 

The same tendencies which are apparent in immediate recognition are present 
after a week’s interval, although their effect has become less marked. Table IIT 
shows the mean long-term recognition scores. An analysis of variance between 
like-cross and visual-auditory modality showed that neither the main effects nor the 
interaction were significant, although the effects of like- versus cross-modality comes 3 
near the 0-05 level. Again 8 out of 12 children in the like-modality groups gave 
uniform stereotyped affirmative recognition responses which gave them a score of 0, 
but 6 out of 12 also gave such responses in the cross-modality group. 


Discussion 


The results presented support the hypothesis stated earlier. Cross-modality 
recognition in immediate memory proved more efficient than like-modality recognition. 
The effect is weakened after a time interval. 

The explanation for the success of cross-modality conditions may depend partly 
on the phenomenon of echolalia noted for example by Kent (1910) as frequent in 
defectives. In association tests, defectives tend to respond with the last word of their 
interrogator. Because of this tendency their capacity for making independent 
responses is temporarily inhibited. : 

The failure to inhibit responses to negative cues was also observed by Zeaman and 
his colleagues (House, Zeaman, Orlando and Fisher, 1957). A number of visual 
discrimination studies carried out by these investigators showed that responses to 
positive cues were learned faster than the avoidance of responses to negative stimuli. 
Indeed, Zeaman et al. state that avoidance tendencies to negative cues may be absent 
insomeimbeciles. The present results seem to show that such behaviour may depend 
on the nature of the task as well as on the subject. M 
Failure to recognize may also be due to impairment of the ability to see relevant 
differences between stimuli. Lashley and Wade (1946) describe such primitive 

ha failure, and distinguish this from true generalization 


“generalization” as due to suc i e r 
which is based on perception of both similarities and differences. In our like-modality 


trials all words or all pictures, regardless of their specific characteristics were perceived 
as having occurred before. The necessity to “encode” verbal into visual stimuli and 
vice versa in the cross-modality conditions may make the association between word 


and image more exact. y À 
In a task which is difficult for them these subjects tend to give stereotyped 
tly the cross-modality method should be regarded 


affirmative answers. Consequen > eu : 
as reducing interference rather than improving recognition. This may be relevant 
to observations which tend to attribute learning difficulties in defectives to tendencies 
to rigidity, perseveration and stereotyped behaviour. But probably such behaviour 


is generally evident in animals as well as humans whenever a task is too difficult. 
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The present results suggest that perseveration is at least partly dependent on the 
task and even when it exists as an independent tendency it can be increased or de- 
creased by variation in the circumstances under which the response is demanded. 


We would like to thank Dr. J. M. Crawford, Physician Superintendent of Botleys Park 
Hospital, and Dr. L. T. Hilliard, Physician Superintendent of the Fountain Hospital, 


for granting us facilities to carry out this work. We would also like to thank Miss Atholl 
Hughes, who helped us with testing. 
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A NOTE ON THE INFLUENCE OF DIFFERENT ORDERS OF 
APPROXIMATION TO THE ENGLISH LANGUAGE UPON 
EYE-VOICE SPAN 


BY 
EVERDINA A. LAWSON 
From the Psychological Laboratory of the University of Hull 


An experiment is described in which the effect of changing information content of 
stimuli upon the eye-voice span in reading is investigated. Subjects were required to 
read aloud statistical approximations to English. It was found that the eye-voice span 
is inversely related to the information content of the material read. This would support 
the suggestion of a constant rate of information transmission in reading, since the different 
orders of statistical approximations differ in the amount of redundancy present in the 
material. 

INTRODUCTION 


From the work of Goldmann-Eisler (1958) on the relationship between pauses 
in spoken languages and the information content of the word before which the pause 
occurred, and from that of Aborn, Rubenstein, and Sterling (1959) upon contextual 
constraint in sentences, it seemed possible that Fairbanks' (1937) early work on the 
eye-voice span could be further quantified. 


METHOD 


The different orders of statistical approximations to English compiled by Taylor and 
Moray (1960) were used. They were presented to the subject on a continuous paper tape. 
After some practice runs with ordinary prose, the experimental material was presented in 
decreasing order of approximation. That is, first 16th order, then 12th order, etc., were 
presented. The tape on which the material was written was pulled slowly past the subject 
who was requested to read aloud, at his ordinary reading speed. At a predetermined 
word, which was the same for all subjects, the light was switched off and the subject was 
requested to report as many words as he had seen but not already pronounced. A 
control against guessing instead of reporting perceived words was obtained by presenting 
the same material up to the same predetermined words, but preventing the subject from 
seeing any of the subsequent words. Different subjects were used for this control experi- 
ment. In order to obtain an idea whether the intersubject variation of reading speed 
had some influence upon the eye-voice span, the subjects' reading speed was measured on 
two samples each of 50 words of 8th, 6th, 5th, 4th, 3rd, and 2nd order of approximation 
to English (Deese's material) and also upon 50 words of light prose. 4 . 

Subjects were 12 undergraduates from the psychology department, eight of which 
were used for the actual experiment and four for the control experiment. 


RESULTS 


The means and standard errors and the results of an analysis of variance are given 
in Tables I and II. The analysis of variance was performed on the assumption that 
the number of words can be taken to form an interval scale. However, since this 


TABLE I 


16th | r2th 6th 4th 2nd | Order 
Mean ..] 463 4:67 3:86 3:54 3:52 number of words 
S.E. a) 225 2:46 i r9 0:64 r6 n=8 : 
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TABLE II 
ANALYSIS OF VARIANCE OF DATA IN TABLE I 


Error 

s.s. d. f. Variance F p | term 

Column (material) ESO T25 5 25 13:23 <0-001 | 1:89 

Rows (subjects) e| 752 7 10:74 741 «0'O0I 145 

Interaction ad e| 663 85 1:89 1:303 | 0-05 1445 
Residual 30 --| 348 240 145 


———————————————M——— LÁ 


assumption might be unwarranted, considering the varying transition probabilities, 
a Friedman two-way analysis of variance was performed. x? = 28 (d.f. = 5) W3 
found, which is significant beyond the o-oor level as x; = 20°51 at the 0:001 level 
for d.f. — 5. If the results of the control experiment are treated in the same way 95 - 
the results of the actual experiment, that is, only-correct words are being score 
then none of the four subjects made a score at all on any of the six different orders 
and here no statistical treatment is given. The pooled data on reading speed 

not show regular change with order of approximation, although in the case of po 
subjects there was evidence that reading speed declined with increase in information 
content. If we regard the subject as processing information content at a consta? 


rate, it appears that this is achieved by lowering the eye-voice span rather than 2 
when the information in the stimulus increases. 


Discussion 


The hypothesis that the eye-voice span should decrease when the informatio? 
content of the material increases, appears to be supported by the experiment. 
is related to the report by Fairbanks (1937) who, with an eye-voice camera recorde 
the exact eye movements, and noticed that the eye-voice span might reduce, 
almost zero for difficult words. The results of this experiment appear to agree W! y 
the findings by Sumby and Pollack (1954). They instructed subjects to reproduc? 
material by writing with the least possible number of glances. They found that 
a glance was necessary for every three words in zero order language, but only one i 
every 10 words in ordinary prose. These authors arrive at the following conclusio. 
“that when sequential restrictions are varied with transmitted materials, the rate ° 
information transmission remains fairly constant," a conclusion supported by 


Moray for supervising the experiment; and the Hull Educati 
of the financial assistance necessary for the experi: 
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BOOK REVIEWS 


Psychoanalysis, Scientific Method and Philosophy. Edited by Sidney Hook. New York 
University Press. 1959. Pp. xiii + 370. $5.00. 


Lawrence S. Kubie, Clinical Professor of Psychiatry, Yale University School of Medicine. 
Part II: Psychoanalysis and Society, consists of papers by Abram Kardiner, Clinical 
Professor of Psychiatry, Columbia University, Ernest van den Haag, Adjunct Associate 
Professor of Sociology, New York Universi 
Harvard University. Part III: Psychoanalysis and Philoso 
three professors of philosophy, Morris Lazerowitz, Donald Williams and Anthony Flew. 


Part IV contains further discussion and comments on what has gi 
contributors. 


ogical statements, nor 
cing linguistic innovations 


greatest prime. On the other hand Hospers (336-9) poi 
and misinterpretations among Lazerowitz's critics. 


Lazerowitz has the courage to have a go. at 
e the unconscious influences behind anything 
, to infuriate, some people, and to delight others, The delight, of course, 

i i ight in discovery, or a mixture of these. The 
i s falsehood or both by its 


; Hunting unconscious influences is a 
dangerous game but exciting and not to be abandoned because of shouts from the side 
lines that it’s not like halma. - 


Nagel and Hook are inclined to think that in the case of some (many ?) psychoanalytical 
theories, including some fundamental ones, no sufficient indication has been given of what 
mena would be adverse to 
They suspect that nothing 
that they are false, A person who 


uity in explaining evidence which 
apparently conflicts with his theory, which finally per: b : 


suades us that nothin would induce 
im to admit he was wrong, and that he is crazy. s 


ies, or interpretati 


in the light of evidence to the contrary. It is just untrue. (ii) 


obstinate, VERY ingenious in defend 


or not depends on what sort of ingenuity h 


e shows. Even wh 
"Every movable pulley which does not gi 
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friction" have come to express a “tautology,” the fact, if it be a fact, that that tautology 
is applicable" to nature tells us something about nature. (ii) A question may be a 
question as to what in fact is so even when it calls for little or no further observation or 
experiment, e.g. “Was this negligence or was it not?” ‘Is this man Newton, with his 
theory of gravitation, right or not?" (iv) What a person means by a new word or by an 
old word used in a modified sense is often best ascertained not by asking him for a definition 
orany account in words of what he means by his word but by noticing his practice, noticing 
when he applies the word and when he does not—as a child notices when people call a 
thing a “dog” and when not, when they call a person “silly,” “mad,” “sarcastic” and when 
not. (v) Not only psychoanalysts but poets, novelists, and people in every day life, 
quite often come upon situations to which the words ''love," “hate” and many other words 
descriptive of our feelings, wishes, beliefs, are neither quite inappropriate nor quite 
appropriate. The words nevertheless are meaningíul and very valuable for presenting 
the shadowy continuum of the soul. 

Pap raises an old and fundamental point. He admits that many “emotion words” are 
partly dispositional and that introspection can go wrong here. He also says, however, 
“But one cannot, in the ordinary sense of the word, fail to be aware of one's hatred or of 
one's wish, when one tries to detect it introspectively.” 

Here again I offer one or two brief and inadequate comments: (i) Surely even before 
Freud, Dostoefsky and Schopenhauer there was some tendency to speak of someone as 
hating so and so, falling in love, wishing for this or that, even though he insisted that he 
did not hate so and so, was not falling in love, was not wishing for this or that. Pap 
exaggerates the rigidity of normal, pre-psychoanalytic, usage of words descriptive of 
what is going on in a mind. (ii) Pap speaks as if to give a psychological word or phrase 
a more dispositional use is always to give it a more behaviouristic use. (William James 
on Emotions, Russell in The Analysis of Mind, Ryle in The Concept of Mind give the same 


impression.) But to give a sentence of the sort ‘There is in X's mind hatred (love, 
id is now less a matter of whether 


contempt) for Y" a use in which the truth of what is sai 

at the moment, upon reflection, itappears to X that he has or appears to X that he has 
not hatred (love, contempt) for Y, and more a matter of how it would feel, if this or that 
were to happen, is not to make the word “hatred” (“‘love,”’ contempt") no longer descrip- 
tive of a mental state. Whether or no in the future or under the circumstances indicated 
X does feel as the speaker claims he will or would feel is still a matter as to which x will 
or would “have a say” as no one else will or would. | That is the statement is still not 
equally open to the verification or any two observers in the way that a statement about 
the physical, “public” worldis. Ifa child takes my question “Is there a cat in the room?” 
as one to which the answer should be “Yes” if it then and there appears to everyone that 
there is a cat there and one to which the answer should be "No" ifit then and there appears 
to everyone that there is no cat there, then I have to explain to that child that my state- 
ment is related to appearance in a less simple manner. I say, "There is indeed no cat to 
be seen at the moment but wait," and I then call “Tabitha” and a cat emerges from behind 


ins and I say, "There I was right. There was a cat in the room,” or a cat does 
ER ecl I pall k the sofa, behind the screen, and still find 
“There now I must admit I was wrong.” When I do all this I profoundly 


derstanding of the words “There is a cat in the room” and that not 
when I teach him that “cow” means “female bovine animal. I 
e is not as wide or as narrow as he had 
ed to conceptions he already has. 

i i i e conception of a. hidden cat, the conception of the third 
LA QU due ks h tement ‘There is a cat in the room” no longer 
one about the physical world. Nor do I, as some have suggested, begin to make the 
physical spiritual if I begin to speak of cats, currents, fields, particles, no one ever sees. 
For I leave the statement “There js a cat here” still such that no observer has a way of 
verifying it, or any part of it, which some other observer E have. If someone 
modifies the use of "There is in X's mind hatred of Y" so that X's introspection at the 
time is not given its normal weight he may still give ita use in which X's subsequent 
introspection, what appears later in X's mind, is still what finally settles the truth of the 
statement. Psychoanalysts after all pay very great atana also to to hat come jor 

ient" i on has bee omes in 

a patient's head before an interpretati e dbéte is sil come 


MU ; o 
uM alter en ias E nr verifying it which no other could have. Bridgmanin about 


150 words (p. 282) makes two penetrating comments. He writes "'...in spite of the 


60 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


tisfactory status of some of the constructs of the psychoanalyst it would 
RE is dotkne fundamentally unsound at the foundations, but that if one 
takes the necessary trouble and care everything can be put on a completely operational 
basis" and he adds “‘. . . perhaps some of the features which distinguish psychoanalysis 
from other disciplines can be explained by the prominent role that introspection plays.' 
Among those who in this book write about the therapeutic value of psychoanalysis is 
Michael Scriven. He explains to psychoanalysts that unless they use control groups and 
find the ratio of those cured to those not cured and what the spontaneous recovery rate 


any attempt 
acon could a psycho- 
olled, unfollowed up, 
d a single cure as being 
his own work?” (p. 249). I, myself, often imagine that my conversation with someone, 
y, has done harm, or again, that it has done good. 

, uncontrolled, unfollowed up, invalidated, un- 
often well justified. Isn't the position this? 
Scriven recommends would be very valuable. 
justification for a general claim such as "Any 


Psychoanalytic treatment is more likely to be 
better in 4 years time than one who is given no treatment" or “than one who is given 


'electrical' treatment." (ii) The experiments and recordings which Scriven recommends 
would not be irrelevant to a claim that in a particular case psychoanalysis would do harm. 
(or good). (iii) They would not be irrelevant to a claim that in a particular case psycho- 
analysis has done harm (or good). But none of this implies that without Scriven's 
experiments and recordings one never has ample justification for saying, “Here psycho- 
analysis has done harm" or “Here psychoanalysis would do harm" or “Here psycho- 
analysis has done good" or “Here psychoanalysis would do good." Scriven is not the 
first philosopher to tell us that we have no real justification for beliefs of a certain kind 


because our justification is not upon the pattern he, in his philosophical moments, has 
come to think the only possible one. 


Joun Wispom. 


Behaviour and Evolution. Edited by Anne Roe and 
University Press (for Yale University Press), 


This symposium springs from two conferences held in America during 1955 and 1956. 

he aim was to bring together anatomists, physiologists, palaeontologists, ethologists, 

psychologists, sociologists, embryologists, entomologists, and geneticists, with a mutual 

interest in evolution, in the hope of mutual stimulation. None of the discussions are 
Printed (a welcome relief), 


but the papers were revised in the light of the criticisms. 
The organizers cast their net so wide that it is not 


the catch broke their line. 


G. G. Simpson. London. Oxford 
1958. Pp. viii + 557. 80s. 


mechanisms of behavioural evolution. 

rying to provide a conceptual 
the papers by Nissen, on Axes of Beh 
Behaviour. itis almost as if the swing f. 


i ave important ences 
for behaviour. At the other, Carpenter supplies a card index of taeda the 
which is doubly disap 


1 Harlow's contribution on 
The Evolution of Learning, is remarkable both for its elegant y Tob 


BOOK REVIEWS 6r 


It is perhaps the patchiness of the contributions which is the book's most irritating 
feature. One could wish that the editors had been clearer in their own minds whether 
the papers were intended for specialists in their own fields, or as an introduction to other 
people's work. Both approaches are needed, but surely not in the same volume. 

D. M. Vowrzs. 


The Fifth Mental Measurements Yearbook. Edited by Oscar K. Buros. New Jersey. 
The Gryphon Press. 1959. Pp. xxvii + 1292. $22.50. 


This book, like its four predecessors, is an invaluable reference book for anyone 
actively interested in tests and books concerned with mental measurement. It lists and 
reviews every reputable psychological test, in addition to some which do not enter this 
category. Both tests and relevant books are usually reviewed by at least two independent, 
highly competent reviewers and often by more than two. à 

The Yearbook is no vehicle for a large mutual admiration society, as may be seen from 
the following excerpt, for instance, concerning the Occupational Interest Inventory: 
“Tt is very frustrating to this reviewer, in considering the possible impact of this review, 
to find that an inventory which received very unfavourable notices in both the third and 
fourth Mental Measurements Yearbooks is still in existence, has been researched and 
revised so little, and is still being offered for sale as a valid instrument.’’ Most of the 
reviews of tests have been written specially for the Yearbook, but many of the book 
reviews are drawn from standard English and American journals. 

The variety of qualities thought fit to test is intriguing. There are, for example, 
three on Etiquette, one on Clothing and one Faculty Morale Scale for Institutional Improve- 
ment. 
Considering the immensity of Buros's task and the size of the book, it is surprisingly 
easy to find one's way aboutit. The Preface includes an instructive section on this. In 
addition there are five very useful Indexes: Periodicals Directory, Publishers Directory, 
Index of Titles, Index of Names (including authors ôf reviews as well as of tests and 


books) and a Classified Index of Tests. The book is comprehensive and up to date. 
A. W. HEM. 


The Onset of Stuttering. Research Findings and Implications. By Wendell Johnson 
and Associates. Minneapolis. University of Minnesota Press. London. Oxford 


University Press. 1959. Pp. ix + 243. 40S. od. 


Dr. Johnson of the University of Iowa and his Associates report in detail in this book 
the results of a series of three investigations into stuttering. During the last 25 years 
they have compared, in very many respects, altogether 246 stuttering children with 246 
non-stuttering children and their parents. The large number of negative findings is 


s of as much interest as the positive findings. No differences were found, for 
prc for either of the children or their parents, on any of the items concerning handed- 
ness. There were no differences in the mean ages, as reported by the mothers, at which 
the various milestones were passed. On the other hand, the parents, ang especially the 
mothers, of the stutterers tended to rate the speech and social development of their 
| average, and 6 ret be eider an ase oon tuere 

nd theirspouses. These parents, who ten: o be older th T erers, 
eae sibie their children to more pressure in training. TREY, eds to start 
toilet training earlier, and to go Over from bottle to cup feeding ear. E eir methods 
tended to be more coercive Or punitive. They tended to sd ani EY more. A 
significantly large proportion of the stutterers were either the only or the oldest children 
in their families. 
Stuttering first arose as à 


problem as a rule between the second and fourth birthday, 
most commonly in the fourth year of 


life. In only a very few cases did the onset of 


aii Vers 4 inj shock or a fright or an: l 
S ing bear a relation in time to an illness or injury, & $! r g y unusua 
i due. Cases of stuttering Were found to be several times commoner in the 
famili ers than in those of non-stutterers. | à ; 

ae Bs atons wae very extensive; thus the interviews with each of the parents 
covered more than 800 items. They have served a useful purpose because the results 
focus attention on the areas which now require intensive study. Stuttering, it appears, 
begins with the hearer. D. RussELL Davis. 
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man Performance: An Introduction to Psychology. By Robert M. 
CUT EAT A. End New York. Holt & Co. 1959. Pp. xiii + 493. 
$7.25. 

This is an elementary textbook of experimental and applied psychology written 
particularly for the prospective occupational Psychologist or "human engineer. It 
contains the usual material found in textbooks of Psychology, but the authors have 
devised a refreshingly new layout in which each topic is presented as a contribution to the 
understanding of human performance at work. Only sufficient background is included 
to make this approach intelligible and no mention is made of psychopathology or 
personality except in relation to personnel selection. 

The first half of the book is devoted to the cognitive proce 
authors make effective use of simple flow-diagrams to clarify the rel 


attempt is made to reveal 
the competing theoretical 
Surprisingly, too, since the 
utlook, no mention. is made of the 


s 1 ry. thors implicitly adopt the 
orthodox Stimulus-Response framework with ized 


is likely to be bad] misled on several 
subjects, for want of guidance on the differing vi i is " 
researches. 


The book as a whole can be recommended for students taking psychology as a subsidiary 
subject or in diploma courses, and for engineers or designers needing a genera] introduction 
to applied experimental psychology. The later chapters should prove 


r most useful to 
Students of applied Psychology or ergonomics. E. R. F. W. Crossman. 


;9. Lashley. Edited by F. A. 
Beach, D. O. Hebb, C. T. Morgan and H. W. Nissen. London. McGraw-Hill 
Book Co. Inc. r96o. Pp. xx + 564. 748. od. 


P to ensure that the papers 
n) and two short appreciations 
rate It is a pity that a more 
i eric Bartlett for the p; hical 
Memoirs of Fellows of the Royal Society, could not have been included. © Bp 


O. L. ZANGWILL. 
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PUBLICATIONS RECEIVED 


NEW JOURNALS 


Pavlov Journal of Higher Nervous Activity. Vol Y is i 
» Ly. ol. 9, No. 1, 1959. This is the fi 
of the Pavlov Journal to be published in translation by the Pergamon Ded Id 
The Journal is issued bi-monthly. Annual Subscription Zro ros. ; 
Journal of Child Psychology and Psychiatry and Allied Disciplines. Vol. 
5 A x 2 s f " - I, No. 1, Ü 
Joint Editors: C. B. Hindley, Elizabeth Irvine and Emanuel Miller. Tandon pe 
gamon Press Ltd. Subscription to Libraries and Institutions £7 per volume. 


Psicologia Industrial. Vol. 1, Nos. 2 and 3, 1960. Argentina. Siam di Tella Li 
Published Quarterly. English Summaries. a da. 


BOOKS AND OTHER PUBLICATIONS 
Review in a later issue is not precluded by notice here 


The Nature of Stress Disorders. Papers read at the Society for Psychosomatic Research 
held at the Royal College of Physicians in May, 1958. London. Hutchinson Medical 
Publications. 1959. Pp. xiii + 298. 25s. 

Mechanisation of Thought Processes. National Physical Laboratory Symposium No. ro. 
London. Her Majesty's Stationery Office. 1959. Pp. x- 980. (2 Vols.) Sad b 

Pesquisa Nacional sôbre o Nivel Mental da Populacão Brasileira. Reported by Pierre 
Weil (for the Comissão Nacional). Serviço Nacional de Aprendizagem Comercial- 
Departamento Nacional. 1959. Pp. 180. 

Psychiatric Dictionary (3rd edition). By Leland E. Hinsie and Robert J. Campbell. 
London. Oxford University Press. 1960. Pp. ix + 788. 140s. 

Das Betteln der Zoo-Tiere. By Karl H. Winkelstrater. (Beheift 39 der "Schweizerischen 
Zeitschrift für Psychologie"). Bern. Hans Huber. 1960. Pp. 92 + 16 illustra- 


tions. Fr/DM 14.80. 
. Nerves and their Cure. 


Pp. 198. 16s. e 
Persuasion: How Opinions and Attitudes are Changed. By Herbert I. Abelson. London. 


Crosby Lockwood. 1960. Pp. ix + 118. 27s. 

L'Analyse du Destin: Le Moi Pontifex. By Henri Niel. Bruges. Desclée de Brouwer. 
1960. Pp. 185. 120 FrB. 

Polarité du Symbole. Etudes Carmelitaines. 
Pp. 252. 150 FrB. 

Mision Psicopedagogica en la Patagonia. By Osvaldo Jorge Ruda. Buenos Aires. 


Universidad del Sur, Instituto de Huminadedes. 1960. Pp. 137. 
The Neuropsychology of Lashley. Selected papers of K. S. Lashley, Edited by F. A. 
Beach, D. O. Hebb, C. T. Morgan and H. W. Nissen. London. McGraw-Hill. 


1960. Pp. xx + 564. 745 f É 
Das Gestaltprinzip im Leben des Menschen und der Tiere. By Karl Bühler. Enzyklopädie 


der Psychologie in Einzeldarstellungen. Volume 5. Bern. Hans Huber. 1960. 


5 
Pp. 106. DM 22. i ) 

Handbook of Research Methods in Child Development. Edited by Paul Henry Mussen. 
London. John Wiley. 1960. Pp. x + 1061. 122s. 

Space and Sight. By M. von Senden. Translated from the German by Peter Heath, 
with an appendix containing Essays by A. H. Riesen, G. J. Warnock and J. Z. Young. 
London. Methuen. 1960. Pp. 348. 425. c E NEC ; 

Quantitative Methods in Psychology. By D. Lewis. London. McGraw-Hill. 1960. 
xii + 558. 748. 

Art and Illusion. 


708. l : 
Perspectives in Personality Research. Edited by H. David and J. C. Brengelmann. London. 


Crosby Lockwood. 1960. Pp.oxil--F 1370: 0508: ^ 
Conflict, Arousal and. Curiosity. By D. E. Berlyne. London. McGraw-Hill. 1960. 
Pp. xii + 350. 58s. , 
Studies in Mathematical Learning Theory. Edited by Robert R. Bush and William 
K. Estes. London. Oxford University Press (for Stanford University Press). 
1960. Pp. viii + 432. 92s. 


By C. Edward Barker. London. Allen & Unwin. 1960. 


Bruges. Desclée de Brouwer. 1960. 


By E. H. Gombrich. London. Phaidon Press. 1960. Pp. 466. 
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7 Semi- 
lth Book Review Index. Vol. 5, No. 2. (Whole No. 10.) July, 1960. 1 
NE SERES by the Editorial Committee and Contributing Librarians. Pp. 64. 


$ ar. A 
ipti er year. 
E Ii: "yl adr International Rorschach Congress, Brussels, August, 1958. 
4 
y 


Schweizerische Zeitschrift für Psychologie und ihre Anwendungen, No. 4o. Bern. 
Hans Huber. 1960. Pp. 187. Fr/DM 23.80. : 

Psychotherapie für den Praktischen Arzt. By Berthold Stokvis. Basle/New York. 
S. Kager A.G. 1960. Pp. x + 142. SFr. 14.50. 

Memory for Designs Test: Revised General Manual. By Frances K. Graham and Barbara 
Kendall. Perceptual and Motor Skills Monograph Supplement 2—VII. 1960. 
Pp. 42. $2.50. 

IE Soto: A Study of a Science. Edited by Sigmund Koch. Study I. Conceptual 


and Systematic. Vol. I. Sensory, Perceptual and Psychological Formulations. ; 


Pp. 704. .76s. Vol. II. General Systematic Formulations, Learning and Special 
Processes. Pp. 704. Vol. III. Formulations of the Person and the Social Context. 
Pp. 837. 97s. London. McGraw-Hill 1959. : 

Personality and Persuasibility. By C. I. Hovland et al. London. Oxford University 
Press (for Yale University Press). 1960. Pp. xiv + 333. 40s. 

Abnormal Psychology. By Walter J. Coville, Timothy W. Costello and Fabian L. Rouke. 
New York. Barnes & Noble Inc. (College Outline Series No. 94.) 1960. Pp. XV 
+ 298. $1.75. 

Handbook of Physiology. Section 1: 
Chief: John Field. Section Editor: H. W. Magoun. Executive Editor: Victor E. 
Hall. American Physiological Society (Sole Agents: The Williams and Wilkins Co» 


Baltimore). 1960. Vol. 2: pp. 781-1438; Vol. 3: pp. 1440-1968 -+ Subject Index _ 
Vols, 1-3, pp. 1969-2-13. Each volume $20. 


Plans and the Structure of Behavior. By George A. Miller, Eugene Galanter, and Karl 


Neurophysiology. Volumes 2 and 3. Editor-in- : 


H. Pribram. New York. Henry Holt. 1960. Pp. x + 226, a 


CORRESPONDENCE 
Professor M. D. Vernon writes: 


“I should like to take issue with your reviewer of Volume 11 of the Annual Revie! 
of Psychology. The articles in the Annual Review are valuable both to specialists and 
to semi- and non-specialists in listing papers which have escaped their notice; and i? 
giving brief descriptions of the contents of these papers which indicate whether it 15 
worth while referring to them and reading them in full. 
if only certain papers are selected for inclusion, and wor 
readers may be ignored and omitted. Furthermore, a: 
and Psychological Bulletin provide excellent selections and critical 
which their authors think to be of special interest and importance. 


k of considerable interest to so™ 
appraisals of * 


tticles in the Psychological Revie’ s i 


7 


Personal bias inevitably operate? 


THE QUARTERLY JOURNAL OF 
EXPERIMENTAL PSYCHOLOGY 


Vol. XIII 1961 Part 2 


IMPRINTING AND PERCEPTUAL LEARNING 
BY 
W. SLUCKIN* and E. A. SALZEN{ 
From the Department of Psychology, University of Durham 


e SEI are first considered by reference to the initial sti i i 
Findings on variability in responsiveness of chicks are reported and EE um. E fitted 
responsiveness subsequent to visual stimulation is reported. The concept of critical 
period is examined in the light of other workers’ and our own findings; it is concluded that 
imprinting ends as a result of its own action rather than through the effects of fear. 
Following responses are further considered by reference to the influences of early experi- 
ences and the act of following upon the occurrence and strength of subsequent responses. 
The degree of attachment to a moving object tends to be proportional to the amount of 
experience. Individual chicks were allowed to spend several hours following a box in 
a runway and their ability to discriminate between familiar and unfamiliar moving objects 
and static environments was studied. Strong evidence for imprintability to environment 
has been found. Imprinting phenomena are discussed in terms of perceptual learning. 


Filial responses 


INTRODUCTION 
of newly-hatched nidifugous birds have been used by many 
especially since Thorpe (1956) surveyed the subject 
These responses have been employed 
(1951), Ramsay and Hess (1954), 


Following responses 
workers to investigate imprinting, 
and emphasized the importance of such studies. 


in two ways. In one type of study, e.g. Fabricius 
Guiton (1959), the birds were required to dis- 


| 
| Jaynes (1956, 1958 b), Hess (1957), 
- S&criminate between*objects by approaching and following one object rather than 
another. In the second type of study, e.g. Jaynes (1957, 1958 a), Moltz and Rosen- 


blum (1958 a), the birds were required to respond repeatedly to a single object, and. 
imprinting, was presumed to be indicated 


the degree of attachment to that object, i.e. dic 
by the occurrence, latency and strength of the following response. — As originally 
the discrimination of species characteris- 


stated by Lorenz (1937) imprinting involves x 
duction of different response patterns to different patterns 


and sound. It could be argued, therefore, that studies of 
dies of imprinting but simply studies on the development 
proach and following responses, and that discrimination 
whether these responses had become attached 


tics, which implies the pro 

of movement, form, colour 

the second type were not stu 

|. and establishment of the ap 

| p euniments were required to determine 
j 3 A 

n opie ence and establishment of the following 

ce this is the response required in the 

| discrimination tests. Salzen and Sluckin (1959) attempted to investigate the inci- 

dence and duration of following responses in domestic chicks without reference to 

imprinting. The present paper contains observations and experiments on both the 


| following response and imprinting- M 1 
iversity of Leicester. 
* Now at Department of Psychology, University of | 
+ Now at Department of Zoology, University of Liverpool. 
65 


There is no doubt, however, that the occurr! 
response is important in imprinting studies sin: 


66 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


The first occurrence of the following response will be considered by reference to 

the stimulus situation in which it occurs, the differences in its incidence among 

- individuals, and the differences in its incidence with age. Subsequent occurrences 

of the following response will be considered in terms of the effects of earlier experience 

- of the object, and the effects of the act of earlier following. Finally, imprinting will 

be considered in terms of the stimulus situations which elicit following in experienced 

birds, and in terms of the extent to which such responses may be elicited by new 
stimulus situations. 


I 
THE ORIGINAL STIMULUS SITUATION 


It is clear from the work of Fabricius and Boyd (1954) and Hinde, Thorpe and 
Vince (1956) that a wide variety of moving objects may elicit the following response 
in birds. Fabricius.(1951) after a careful study with ducks concluded that the move- 
ments of parts of the body were of great importance in the release’ of the following 
Tesponse. Since then Smith (1960) has shown that movement in one plane in the 
form of a distant rotating black-and-white disc is an adequate stimulus to cause 
chicks to approach and give contentment calls, Further, both James (1959) and 
Smith have shown that a flashing light will also serve as a stimulus for this response. 
Collias (1952) has reported that certain repetitive sounds with low-frequency com- 
ponents will evoke the approach response. Fabricius (195r) and Weidmann (1958) 
have observed that short repeated calls will produce following in ducks. We have 


` are capable of eliciting filial responses in chicks and ducklings. 

In an earlier paper (Salzen and Sluckin, 1959) we reported, among other things, 
upon the incidence in domestic fowl of the following response to a moving box. We 
did not in that Paper concern ourselves with the responsiveness of chicks to sound. 
However, in the course of our work we had collected data on the chicks' responsiveness 


beside the Stationary box. Our earlier paper is concerned 
birds to the movements of the box on later occasions. Here we report on the chicks’ 


source. Those that appeared to attend to the noise but failed to run to it were 
regarded as not responding. 


Table I shows that Tesponsiveness to this second st: 


imulus was related to previous 
experience of box movement, The results as set out 


indicate that experience of the 
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moving box tended to facilitate responsiveness to the second stimulus complex. 
Smith, in a personal communication, has also reported a facilitation effect in that a 
small-diameter patch of flashing light evoked more approach responses from chicks 
that had previously experienced a large circle of flashing light than from those that 
had not had such an experience. In view of this facilitation effect, measures of the 
initial responsiveness of chicks to à moving object may vary considerably with their 
visual experience. 
TABLE I 


Part A 


Number of movements of the box seen 
10 50 


by the chicks in the visual test ys o 
Proportions of chicks that responded to 
sound after the visual test Sale sy? 58 76 
150 (25%) 150 (39%) 150 (51%) 
Probabilities of the indicated differences | <- Lm = 
being chance occurences, as deter- «oos p «o5 
mined by the Brown (1956) test 
< — 
p «oor 
Part B 


Probabilities of the 


Number of 
movements of the 
box seen by the 


Proportions of chicks that responded 
to sound among those that in the 
visual test had:— 


differences between 
columns being due to 

chance occurrences 
as determined by the 


chicks in the followed the box not followed the 
visual test at least once box Brown test 
o 45 13. 
E 86 (52%) 64 (20%) p «oor 
5 73 BE 
3 120 (6195) 30 (10%) p «oor 


ee ee eS 


The table shows the results of sound tests carried out on day-old chicks immediately 
after they had been exposed to the moving-box test. 3 ; 
Part A of the table shows that greater experience of the moving box resulted in a 


ponding to sound. 
had followed the box were more responsive 


ly followed the box. 


greater proportion of the birds res 


Part B of the table shows that birds that 
to sound than were those that had not previous 


II 
VARIABILITY IN RESPONSIVENESS 


There is some evidence of constitutional differences in sensitivity to a moving 


object even within one breed of domestic chicks. Hess one sane po 
i i ili i be related to this responsiveness, 1s inherited in domestic 
foul and can be bred iio o o and that it is probably sex-linked in 


o or out of a strain, i 
Cochin Bantams. Klopfer (1956) has also suggested a genetic explanation of reported 
differences in sensitive periods an 


d imprintability. Table II shows inter-batch 
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Numbers of chicks | Numbers of chicks| Percentages of 
Source and nature of tested for 3 min. | that responded by | followers in the 

batches of chicks with a moving box | following the box different batches 
rst experiment (1959) 
1st supplier: 


R.LR. laboratory hatch sis 159 73 46 
R.LR. commercial hatch — .. 96 49 51 
2nd experiment 
2nd supplier: 
R.I.R. laboratory hatch ste 88 24 275 
BL, x LS, laboratory hatch 103 19 18:5 


The table shows the incidence of following in different batches of chicks during a test 
with a moving box, as described in the text, lasting 3 min. The differences between either 
hatch of the first experiment and either hatch of the second experiment are significant 


beyond the r per cent, level of confidence according to the Brown (1956) test. 


variations in responsiveness encountered by us. Guiton (1959) found that visually 
isolated chicks followed better than socially reared ones, and that a few hours of 
social experience preceding a period of isolation resulted in greater responsiveness to 
a moving object than did complete isolation. In an experiment summarized in 


Table III we gave three pre-test treatments to Brown Leghorn x Light Sussex chicks. 
Our results tend, on the whole, to confirm Guiton's findings. 


TABLE III 
———TT— A ——— —Á— 
Tested when 
Pre-test treatment of batches 5 or 6 days 
of chicks Tested when 1 day old "^ old 
Batch A Batch B Batch C Batch D 


Isolation (each chick was kept 
in a separate cage and could 
see no moving objects be- 
tween hatching and test) ..|_4_ EEA L20; 
To (40%) | 24 (4296) 4r (49%) | xs (33%) 

Social (groups of chicks were 

kept in enclosed cages be- 


tween hatching and test) is — Son 2 
™4 (57%) | 24 (33%) |r (15%) 733 — (0%) 
Social for the first 6 hr. and then 
isolation 33 te ps = — ES 
41 (68%) " 


The table shows the 
jn the table are the 
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The influence of some social experience upon later responsiveness may account 
for the apparent rise in “‘imprintability”’ recorded by Jaynes (1957) for the first half 
of the critical period, since his birds had been kept in groups before testing. The 
same may apply to Hess's similar results with Mallards (1957) and chicks (1959 a), 
since although they were reared in darkness they could hear one another, and sound 
was used in both the imprinting and the testing situations; it should be noted that 
although the sounds on the two occasions were different, Guiton’s generalization- 
through-isolation theory would predict that the difference would not prevent the 
test sounds from being effective. This explanation is not unlikely in view of the 
facilitation effect described in the previous section of this paper. 


IT 
Loss or SENSITIVITY—THE CRITICAL PERIOD 


The work of Fabricius (1951), Ramsay and Hess (1954), Weidmann (1956), Hess 
(1957) and Jaynes (1957) has shown that ducklings and chicks will not follow a moving 
object if exposure to that object is delayed for some 2 or 3 days. This early period 
has been called the "sensitive" or "critical" period and in general it is clear that 
ducklings and chicks are most easily imprinted during the first day or so after hatching, 
In our 1959 paper we noted that in individual cases chicks remained responsive for 
as long as 5 days. Guiton (1958) has shown that isolated chicks remain responsive 
to a moving object after 3 days by which time most socially reared chicks failed to 
respond. Ina subsequent study Guiton (1959) concluded that socially reared chicks 
become imprinted to one another and that when subsequently exposed to a moving 
object they show ''searching" behaviour and “distress” rather than strong and fearful 
avoidance of the moving object itself. Table III shows our own results for the 
responsiveness of socially reared chicks and isolated chicks to 3 min. exposure to 
a moving box under our standard testing conditions as described in our 1959 paper. 
It can be seen that in one out of three experiments 24 hr. social life was sufficient 
experience to significantly reduce responsiveness compared with isolates, and that 
in a fourth experiment only isolated birds remained responsive after 5 days. On 


another occasion three birds that had been isolated for 6 days responded vigorously 
within 3 min. of exposure to the moving box. There is support, therefore, for 


Guiton’s contention that the end of the critical period results from the increasing 
selectivity of responsiveness with experience or, in other words, that imprinting 


brings about its own end. 
An earlier explanation tha 
of fear was first proposed by 


t the loss of responsiveness was due to the development 
Hinde, Thorpe and Vince (1956) and it was supported 
by Hess (1957) on the basis of drug experiments. More recently Hess (1959 a) has 
claimed that all his chicks showed fear, i.e. distress notes and avoidance by 33 to 
36 hr. and that this corresponds with the loss of the following response. Jaynes 
(1957) has recorded that weak flight begins to sede 3o Me as and ae ae 
i ut 
egim EOE Mee Raa pea ate the first week of life M. 


in chicks reared socially may rise to a maximum in f 
thereafter. Guiton (aso) dus stated that fear is developed sufficiently to interfere 


with following at 4 days whereas most socially reared birds are imprinted by 3 days. 
It is possible, therefore, that fear responses at least in the form of avoidance, are the 
responses that imprinted birds make to strange objects, 1€. to objects to which they 


are not imprinted. 
Fabricius (1951), 
Other workers, too, have 


(1957), Guiton (1959) and no doubt 


i 1958), Jaynes 
vemos G s may show fear and avoidance ofa 


all observed that bird: 
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moving box at first, yet may subsequently come to follow the box most strongly. 
We have observed this. On three occasions we selected a chick that showed extreme 
avoidance of a moving box, isolated it, and exposed it to the moving box for 3 min. 
every day. These chicks finally began to follow and in this way we have had a chick 
responding for the first time when over 2 weeks old. On another occasion a similar 
procedure was used with three chicks that had remained “frozen” and three that 
had shown active avoidance of the box selected from a batch of chicks first tested 
when x day old. The former three followed well after a few days but the latter three 
had not begun to follow when the experiment ended after 12 days. It is possible that 
further treatment would have induced these birds to follow as in the previous experi- 
ment. Similarly we have isolated chicks for 2 or 3 days before exposing them to a . 
moving box. At first some of these birds have shown avoidance and fear of the box 
but in all (six) cases prolonged exposure has resulted in following usually within the 
first hour. Jaynes (1957) has reported a similar observation with chicks 5 and 6 days 
old that had been reared socially, and Fabricius (1951) earlier recorded a similar 
experience with ducks but attributed it to feeding conditioning rather than to 
imprinting. S 

It seems, then, that habituation to the strange object may cause the avoidance 
response to disappear and the following response, and presumably imprinting, to occur. 
Hess (1959 b) has claimed that birds that are induced to follow objects in this way 
do not in fact become imprinted to these objects. Following similarly takes place 
under the influence of a tranquillizing drug, chlorpromazine (but not meprobamate) 
(Hess, 1957, Table I, item 4), and in this particular instance Hess seems to consider 
that imprinting did occur after the end of the critical period as judged by the perform- 
ance of his control group. 

Guiton (1959) has reported that although avoidance is most marked in isolated 
birds, experience of the moving object usually reduces fear and results in following: 
In socially reared birds avoidance or crouching also disappears due to habituation 
but in most cases this does not result in following. Instead these birds shoW 
"searching" behaviour with distress calls and the model is ignored, i.e. true habitua- 
tion to the model has taken place. We feel therefore that the evidence is against 
fear being the cause of the end of the sensitive period, and that imprinting can end 
only as a result of its own action in increasing the selectivity of the animal's responses- 


IV 
THE EFFECT OF EXPERIENCE 


In the work considered here the following response has been used as an indicator 
of the development of filial responsiveness. This development is shown both by thé 
bird's immediate response to experience of a moving object and by its performance 
after a time interval, i.e. by the amount of retention of responsiveness, In a study 
of this kind Jaynes (1958 a) has shown that under his particular experimental con- 
ditions 10 min. experience of a moving box was sufficient to induce following in some 
day-old chicks, but that 40 min. experience was required before all his chick$ 
responded. Furthermore this experience was effective whether given on the first 
day or spread over the first 4 days and the greater the amount of experience the 
greater was the probability of a response 30 and 7o days later. Jaynes used six 
chicks for each condition in his experiment. In a similar study (1959) we found that 
the percentage of chicks that followed a moving box on the first day after hatching 
was approximately proportional to the amount of experience of that box, so tha’ 
after 10 movements of the box 50 per cent. of the chicks had begun to follow and after 


= 
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50 movements 8o per cent. were following. Under test conditions similar though not 
identical to those of Jaynes we could detect a significant difference between the chicks 
that had received these two amounts of experience which approximated to 2 and 
8 min. exposure. We also recorded a considerable variability in the responsiveness 
of chicks within and between batches and therefore felt that further data were 
desirable. 

In Table IV are the results of an experiment carried out by us in which chicks 
from a Brown Leghorn x Light Sussex cross were subjected to one or other of three 
treatments. Using the experimental procedure described in our previous paper, 
chicks were given 3 min. or 30 min. experience of a moving box at 1 day of age, or 


TABLE IV 
eee 
Amount of experience of a moving box 3 min. 30 min. 


One session of | Three sessions | One session of 


Distribution of this experience 
3min.onthe| of1omin.on| 6min.on each 


first day the first day of the first 5 
| days 
Proportions of birds that responded to 
the moving box in a 3-min. test on A 
sixth day after hatching — - - Hre Ex Ra 
16 (19% 14 (43%) | xr (55%) 


The table shows the effects in socially reared chicks of the amount and distribution of 
experience of a moving box on subsequent responsiveness to this stimulus. The proba- 


bility that the difference between the first and third columns was a chance occurrence is 
p = 0'032, as determined by the Fisher exact probability test. 


ch of the first 5 days after hatching. The only difference 
dure was that chicks that failed to respond within the first 
hicks were tested for 3 min. in the same situation on 
Table IV confirm Jaynes' claim that within these 
portional to the amount of experience of the 
e were able in our previous experiment to 
subsequent responsiveness of chicks 
tive but requires strengthening by 


6 min. experience on ea 
from our previous proce 
3 min. were rejected. All the c! 
the sixth day. The results in 
conditions the degree of imprinting is pro 
moving object. Further the fact that w 
detect the effect of 10 movements of a box on 
suggests that the mechanism is extremely sensi 


repetition. 
V 


Tue EFFECT OF EFFORT 


The experiments described in the last section did not separate the effects of visual 
experience of the moving object from the effects of the act of following. Hess (1957) 
attempted to do this by running ducks at different speeds for the same length of time, 
and he found that the longer distance resulted in better imprinting as judged by 
responsiveness in discrimination tests. It could be, however, that the faster-moving 
object is a more potent stimulus than the slower-moving one. In our own work 
(1959) we were unable to find any relation between the distance run by chicks lon first 
exposure to a moving box and their performances on subsequent occasions. Hess's 
(1957) results with drugs appeared to lend support to his assertion and he suggested 
that meprobamate, being a muscle relaxant, prevented imprinting by interfering with 
the “muscular tension or other afferent consequences of following. Yet at the same 
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time he stated that this drug did not interfere with motility or co-ordination either 
in the training or test sessions. It is difficult to see how these two claims can be 
reconciled. In the same experiment chlorpromazine gave good imprinting under all 
conditions, yet Ryall (1958) and Taeschler and Carletti (1959) have reported that 
chlorpromazine simultaneously reduces emotional behaviour and motor activity m 
rats and mice. Hess (1958) has found that obstructions in the runway resulted in 
stronger imprinting because of the greater effort required in following, and this is 
perhaps the strongest evidence for the effect of effort. In a more recent paper Hess 
(1959 a) showed for chicks that the ability to run improved over the first 16 hr. 
during which time "imprintability" showed a corresponding improvement. A 
correlation of this kind does not prove the causal relationship between effort and 
imprinting. In any case chicks that cannot run may make considerable efforts to 
follow, and so the relationship must be between running and imprinting, in which 
case the result of the obstruction experiment remains unexplained. 

Jaynes (1957) has also found that although the percentage of chicks responding 
decreased throughout the critical period the strength of imprinting judged by retention 
tests tended to increase during the first day, i.e. as locomotory ability increased. 
Poor locomotory ability does not necessarily mean poor locomotory effort, but in 
both Jaynes’ and Hess’ experimental circumstances it may well result in the chick 
spending very little of the training time near to the box and as a result obtaining very 
little experience of the box. In our own experimental circumstances (1959), where 
the box was never more than 12 to 18 in. from the chicks, we found that very good 
runners often failed to respond in the later tests whereas some non-runners subse- 
quently performed very well. Unlike Hess' chicks, however, all our birds had social 
experience between the tests and this may have affected their responsiveness in the 
second test. In a recent study Baer and Gray (1960) allowed chicks to see but not 
to follow or contact a white or a black guinea-pig during one of the first 4 days after 
hatching. At 7 days the chicks were tested in a choice situation with black and white 
guinea-pigs. They spent significantly more time near the familiar than near the 
unfamiliar guinea-pig, and this effect was strongest when the previous experience 
of the guinea-pig had been on the second day afterhatching. It would seem therefore 
that there is evidence that some imprinting can occur without the act of following: 


and that the evidence concerning the role of the effort of following is not yet 
convincing. 


VI 
LATER STIMULUS SITUATIONS 


As imprinting progresses so the bird becomes less likely to respond to stimuli 
other than the experienced one or ones. The extent to which a bird will generalize 
is, therefore, an inverse measure of the degree of imprinting. The first effect of 
experience appears to be one of facilitation of responsiveness to stimulation, as aS 
been described earlier. Further experience restricts this responsiveness to a” 
increasingly well defined stimulus pattern, as has been suggested by the individual 
recognition of two humans by chicks reported by Gray and Howard (1957). In 
Guiton's (1959) study, after 2 or 3 days of social life chicks had become imprinted 


specifically to chicks in that they would not follow other objects which they could thus 
discriminate from chicks. 


Repeated presentation of the imprinted stimulus may lead to an apparent loss ' 


of the following response. Thus, Moltz and Rosenblum (1958 a) have reported that 
with repeated daily experiences of a moving box the following response of Peking 
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ducks wanes. — We observed that when chicks were exposed singly to an inter- 
mittently moving box (in a mechanized version of our standard imprinting runway 
with a suspended white cylindrical box which travelled up and down the centre of 
the ro-ft. alley in alternating }-min. periods of rest and movement), they all began to 
follow within the first hour and stopped following after several hours. A warm 
hover with food and water was situated to one side of the alley and the chicks spent 
progressively more time in their vicinity. In the experiment of Moltz and Rosenblum 
it could be said that the birds had become habituated to the stimulus situation, and 
in our experiment they had become at least temporarily satiated with the stimulus. 
However, the box had not ceased to be a stimulus to the chicks, for very strong and 
close following could be produced simply by the experimenter appearing and waving 
his arms, shouting, clapping and stamping his feet. When then left undisturbed 
the chick would gradually cease following the box once more. 

This last observation is particularly interesting in view of Hess's (1959 a) suggestion 
that fearfulness stops the following response from appearing. Moltz and Rosenblum 
(1958 b) have shown that if ducks are first habituated to the testing enclosure, then 
they are less responsive to a moving box than birds not so treated. 

Moltz et al. (1959) have shown that electric shock treatment given inside the 
testing enclosure also increased the level of responsiveness of ducks. The differences 
in responsiveness of birds treated in these ways have been ascribed by these workers 


to the effect of anxiety. 
In further observations on six chicks 


ceased to follow the intermittently moving 
following may be restored in two ways. 
object (a red duster) and secondly by quiet 


static objects into the alley. In éach case, 
objects it began to follow the moving box with "anxious" chirps. These observations 


provide a possible solution to the apparent contradiction between the effects of 
“anxiety” in facilitating following and "fearfulness" in inhibiting following. If 


fear is taken to be the avoidance of a stimulus situation, then there may be avoidance 
of a fluctuating stimulus pattern (figure) and avoidance of the environment, or stable. 
stimulus situation from which the figure is differentiated (ground). Filial responses 
are to the figure, and fear of a figure thus prohibits such responses. We have 


suggested in an earlier section that fear is simply the response that birds make to 
objects to which they are not imprinted. Thus the imprinted bird not only goes to 
the figure to which it has become attached, but also avoids the strange figure. The 
establishment of the attachment of a bird to its environment is not so easily revealed 
in the way that attachment to a figure is revealed by the following response. In 
our experiment, however, the relationship was revealed when the satiated birds 
avoided the strange features of thé environment by resuming their ip s and 
following responses to the familiar moving box. Thus it is aoe that lial responses 
can be restored by making some change in the environment ani ow birds come to 
discriminate by approach and avoidance responses both between amiliar and un- 
familiar moving objects and between familiar and strange EEUE It is not 
clear whether both processes are imprinting, but Thorpe (1956) has already suggested 
that an exclusive attachment to an environment may be a form of imprinting. 

If changes in the environment or ground will restore responsiveness to the 
imprinted moving object or figure it is possible that there is also some loss. of dis- 
crimination, i.e. increased responsiveness is accompanied by increased generalization. 
This might account for the response of social chicks to a moving object after eae 
have been isolated for a time. We have tried taking a chick that had been with the 


that had become “satiated” with and had 
box as previously described, we found that 
Firstly, by introducing a second moving 
y and surreptitiously introducing strange 
as soon as the chick noticed the strange 
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white cylinder for several hours out of the runway, substituting a red duster for the 
cylinder and immediately replacing the chick. If "anxiety" caused by this procedure 
resulted in generalization (and this treatment certainly causes chicks that have ceased 
following to resume following the familiar box) then such a chick should have followed 
the duster. We found that in all of four cases the chick showed avoidance of the 
duster. We feel, therefore, that anxiety effects cannot explain the generalization 
phenomena found by Guiton (1959) and that some process of forgetting must be 
involved. The anxiety effect, however, may explain why Hinde, Thorpe and Vince 
(1956) could not get any waning of responses to the figure in coots, since at the end 
of each run the birds were chased, caught and handled. Yet these workers found 
that responses to moderately strange objects waned gradually, suggesting that the 
discriminatory ability asserted itself over anxiety. These same workers tried the 
familiar objects in strange environments with mixed results: moorhens did not follow 
and coots followed less well. Clearly, further research is needed in this field. 


VII 
REVERSIBILITY 


Thorpe (1956) has already quoted several observations that suggest that imprinting 
is not irreversible. It is apparent from a previous section that attachments can be 
induced after the end of the so-called critical period provided that the bird has not 
been previously exposed to moving objects. Guiton (1959) has shown that socially 
reared birds become imprinted to one another in that they will not respond to a moving 
box. If such birds are isolated for a time they may subsequently respond to other 
objects. Table V shows our own results for experiments of this kind. It can be 
seen that day-old socially reared chicks did not respond to a moving box until they 
had been isolated for 3 hr. In another experiment chicks reared socially for 2 days 
would not respond after 3 hr. isolation but would do so after 24 hr. isolation. 1f, 
as has been suggested in an earlier section of this paper, the strength of social attach- 
ment is proportional to the amount of experience, then it might be expected that the 


TABLE V 
————————————————Á 


Proportions of birds that responded 
to the 3-min. experience of a moving 
box by following 


Batch of Pre-test treatment of newly-hatched 
chicks chicks 


E 21 hr. of social life followed by 7 


3 hr. of isolation '8 Probability of this difference 
being a chance occurrence 15 
.9 p = 00023 
6 


24 hr. of social life 


48 hr. of social life followed by o 
3 hr. of isolation “8 Probability of this difference 

j being a chance occurrence iS 
48 hr. of social life followed by 2 p= 0054 1 

24 hr. of isolation hat 
ee 


The table shows the effect of a period of isolation on the responsiveness of socially 
reared chicks to 3 min. experience of a moving box. It also indicates that the length E 
the isolation period necessary to produce this effect may be related to the amount 9 


social experience of the chicks. The probabilities recorded in the table were determined í 
by the Fisher exact probability test, 
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reversibility could be similarly affected so that the longer the social experience the 
longer the isolation required before responses to strange objects can be obtained 
In this case the removal of the familiar objects and habituation to new objects might 
well produce the kinds of behaviour reported by Goodwin (1948), Steven (1955) 
and perhaps even the case of the Muscovy Ducks reported by Lorenz (1937). 
Goodwin’s birds responded sexually to the species with whom they were reared and 
not to their parent species with whom they had spent only the first week or so of their 
lives. Lorenz's ducklings were reared for nearly 7 weeks with Greylag geese before 
being removed, and it is therefore not impossible that one of them should subsequently 
still prefer geese. It may be that the reversibility of imprinting involves the acquisi- 
tion of new objects but not necessarily the loss of old ones. These is evidence in the 
reports of Fabricius (1951), Hinde, Thorpe and Vince (1956), Jaynes (1957) and 
Guiton (1959) that birds may become attached to several objects. In view of the 
relation between amount of experience and strength of attachment one might expect 
that the birds’ preferences for objects would be related to the relative amounts of 
previous experience of these objects. In this respect, therefore, Lorenz’ obseryation 


is still a remarkable one. 


VIII 
IMPRINTING AND PERCEPTUAL LEARNING 


d in the introduction, it is probably best to restrict the term “imprinting” 
rimental situations in which the “imprinted” bird is required to dis- 
criminate between patterns of movement, form, colour, sound, etc., and not simply 
to repeat earlier responses to the same stimulus pattern or object. The development 
of the imprinting process, or attachment to a class of stimuli, consist of a sharpening 
of discrimination between this and other classes. It would appear that this view of 
imprinting conforms to the criterion of perceptual learning put forward by Wohlwill 
(1958). As perceptual learning takes place, "each stimulus to be discriminated must: 
be classifiable, qua physical stimulus, into the class of stimuli to which the corres- 
ponding differential response is preattached.” As Wohlwill points out, “paired- 
associate learning and similar tasks are left outside the province of perceptual learning 


situations.” OR MNT 

The development of attachment to environmental stimuli, or imprinting, seems 
to fit in with the progress of perceptual learning, as outlined by Gibson (5959); He 
has suggested that a distinction may be made between the environment a the social 
components of the environment in terms of the nature of the physical stimulation 
which they provide. Briefly, in the case of vision, the environment 15 one of surfaces, 


whereas the social or animal environment is one of movement and deformation of 


surfaces. Gibson contends that these are the kinds of rae AR that the organism 
receives and has to differentiate. that the process of which 


We suggest therefore t 
imprinting is a part may be consi ns, i.e. perception of the 


dered in these two division 

inanimate environment and perception of the animate environment, and that the 

development of social responses is part of the second of pec pe categories. In 

the course of the development of their social responses e chicks have first to 
discriminate the moving surfaces from the static. 


The progress of discrimination 
may be revealed by the chicks’ contentment calls and their approach and following 
Tesponses. As the chicks’ percepts of the stimulu 


s situation become further differ- 
entiated with respect to movement, form, colour an 


d sound, so discrimination in the 
form of choice of object-following Will occur and this is the process of imprinting as 
Originally conceived. 


As implie 
to those expe: 
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If “imprinting” is extended to cover the development of the tendency to orientate 
social responses to moving or changing stimulus patterns, such as a flashing light, 
a source of intermittent sound, or a moving object, then the concept becomes identical 
with that of the development of perception of the animate or social environment. 
If “imprinting” is also to cover the development of perception of. the inanimate 
environment, then the discussion by Thorpe (1956) of cases of attachment to environ- 
ments and our own observations of the effect of changes in the static environment on 
the chick's following response become relevant. The imprinting process then, could 


be regarded as part of a process of developing perception resulting from repeated | 


‘stimulation. Gibson (1959) in considering this type of phenomenon, has asked, “Do 
the qualities of a thing emerge from repeated impressions of the same thing or only 
by contrast with different things?” He considers that existing evidence on the 
perception of unfamiliar objects in laboratory situations favours the latter, but he 


points out that the former possibility has not been studied. Some of our studies on | 


the following response are, however, a step in this direction. “Repeated impressions 
of the same thing" occur when a chick is exposed for a time to a moving object. 


In one of our experiments we exposed chicks individually for a few hours to a moving 


white cylinder. These chicks then discriminated between the moving white cylinder 
and a similarly moving red duster, either when the two were presented together OF 
when they were presented consecutively. It would seem, therefore, that in im- 
printing the view that the qualities of an object may emerge simply from continued 
impressions of it must be seriously considered. 


We should like to thank Professors J. Drever and S. G. Lee for their comments on the 
manuscript. 
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IMITATIVE RESPONSES AND THE RATE OF GAIN 
OF INFORMATION 


BY 
R. DAVIS,* N. MORAY,; and ANNE TREISMAN 
From the Institute of Experimental Psychology, University of Oxford 
A series of experiments is described on audio-verbal reaction times. In the first 
experiment the signals were letters or digits recorded on magnetic tape and presented 


through earphones. In the second experiment the signals were nonsense syllables dawa 
from vocabularies of different size. The subjects responded by repeating what they hear! 


as soon as it was presented and reaction times were recorded. It is shown that the size - 


of the group from which the signal is drawn has little effect on the reaction time to that 
signal. A distinction is drawn between situations in which the rate of gain of information 
may be expected to apply and situations in which it may not apply. It is suggested that 
many highly practiced skills fall into the latter category. 


INTRODUCTION 


Since Hick (1952) first applied information theory to account for the way in which — 


reaction time to a signal varies with the number of alternatives from which it is 
drawn, there have been a number of studies confirming the result that choice reaction 


time is directly proportional to the amount of information conveyed by the stimulus — 


(cf. Bricker’s review, 1955). The use of information measures promised to provide 
a means of comparing different experimental situations in terms of their formal 
properties, without reference to the actual signals or responses used. 

Other experiments have shown, however, that the amount of information in the 
signal is not the only determinant of reaction time. Crossman (1953 and 1955 
demonstrated the effect of different discriminability of signals within sets of the same 
Size, and Fitts and Seeger (1953) emphasized the importance of ‘compatibility’ 
between stimulus set and response set. More recently Mowbray and Rhoades 
(1959), using a light-key situation, showed that after really prolonged practice there 
was no difference between 2-choice and 4-choice reaction time. Leonard (1959) po 
à situation in which tactile stimulation was applied to the fingers and the require 
response was to withdraw the finger stimulated. In this situation no systemate 
differences were found among 2-, 4-, or 8-choice reaction times. Both of these 


experiments raise doubts about the general application of the rate of gain of inform?" - 


tion function to disjunctive reaction times. Several authors have suggested that 
rate of gain function should only apply when information is optimally coded. is 
in this case can the full-channel capacity of the system be used. If information Í 


not optimally coded then the amount of information transmitted per second is less 


than the channel capacity. However, if an attempt is made to explain the rest i 
of these experiments in terms of differences in coding, then in order to obtain sim! 


reactions times for 2-, 4-, and 8-choice conditions, the set of 8 signals would have A j 
be coded more efficiently than the set of 4, which in turn would have to be coded more 


efficiently than the set of 2, and these differences in efficiency of coding would have 


exactly to compensate the different amount of information in the stimulus sets. © i 


course, one can call this effect “coding” but we still have to explain the difference n 
efficiency. 


* Now at Laboratoire de Psychologie Experimentale, Sorbonne, Paris, 
1 Now at Psychology Department, University of Sheffield, 


_ at the end of a period of training. . 


| Qtuation (for the population at 
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The notion of stimulus-response compatibility introduced by Fitts and Seeger 
(1953) was further developed by Deininger and Fitts (1955) and by Fitts (1959). 
Minimum reaction times should be expected in situations where S-R compatibility 
1S a maximum and these authors propose that this maximum is approached when 
the following two conditions are met: 

(1i) The stimulus set corresponds in a direct physical sense to the response set. 

(2) The pairings of stimulus and response elements agree with strong population 

stereotypes. 

This compatibility effect is assumed to be related to "coding." In comparing 
disjunctive reactions with the same degree of choice, a more compatible S-R ensemble 
would be expected to produce shorter reaction times than a less compatible ensemble, 
on the basis of this effect, but nothing is implied about variations in reaction time with 
degree of choice within the same stimulus-response ensemble. Whether there is a 
difference in the way in which reaction time varies with degree of choice in high, 
compared with low, compatibility situations is a different issue, which was examined 
for some situations by Irby (1956). 

It should be noticed that neither of the two conditions mentioned by Fitts and 
Collaborators is used to define compatibility. In fact, Deininger and Fitts are 
careful to distinguish the way in which S-R compatibility is measured from the way 
in which a population stereotype is measured. “First, compatibility effects are 


Measured under instructions which specify a ‘correct’ ensemble of stimulus response 


Pairings, whereas the population stereotype is specified from data gathered in 
essentially a ‘free response’ situation. Second, population SD are eo 
forean ial training is given, whereas compatibility effects usually are meas! 

aha nedodob tad . | The relative compatibility of any particular 


Perceptual- is defined as the ratio of the actual rate of information trans- 
CREER E rmance) to the maximum rate for that type 
tly modified by Fitts (1959) so that the 
e maximum rate, for that kind of 


di Now it is implicit in such a def hips bi 
erent stimulus-response relationships eae made explicit by Leonard (1959). 


€ specific tasks being compared. This 
el es ce as 
It follows that we must distinguish between better performan ia specific stus Om 


If we omit this qualification then i d n 
Performance would ipso facto be operating un 
Compatibilit is qualification, which 
A keep this qualification, whic 
t seems more useful um 54 cipatibility of ah, Sub. 
; ice in a specific situation. Thus, 
th extended practice pig Dra highly incompatiile 


dr Should want to be able to make a pi a particular subjects have been 
uati ulation. , 2 E : E 
nea ae dide they can perform as well as * a p compatible S a 
9r Which they have not had so much eum by E a highly Seana 
qualification we should have r A fee now a highly compatible situation (or 
arge). i : : : tible 
: biects) "although it may M 4 pee an 
sit Particular group of subj large. Of course, one cou intro uce wo mean x 
uation for the population at largi situations, but in the present'authors’opini 


"compatibility" to cope with these 
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it is more useful to keep “compatibility” to refer to the “naturalness” of a stimulus- 
response relationship in the population at large (as measured in one of the ways 
suggested by Fitts) and not to refer to the improvement brought about by learning 
(or overlearning) a particular S-R relationship by a particular group of subjects as 
an increase in compatibility. t 
A specific example taken from the experiments to be described in this paper might 
be useful. The response of repeating a word which the subject had just heard was 
used in this series of experiments. On a priori grounds this seems to be a situation of 
high stimulus-response compatibility, more compatible, for example, than responding 
with a different word. Now in such a situation one can obviously use words (or 
nonsense syllables) very unfamiliar to the subject, and the speed at which he responds 
might improve as he becomes more familiar with the words used. It seems in- 
appropriate to ascribe this improvement to increased compatibility between stimulus 
and response. The authors would prefer to say that compatibility remained the 
same throughout, but that increased familiarity with the words lead to the improve- 
ment, reserving differences in compatibility to describe situations in which, for 
example, the response was to produce a different word, or the same word backwards- 
These remarks amount to a recommendation about the way in which the term 
“compatibility” should be used, and others may prefer a different usage. However 
to limit its use in the way the present authors describe Seems to them to carry distinct 
advantages. n 
The experimental situation used by the present authors involved the subject 
repeating verbally, as quickly as possible, whatever signal he heard, and choice 
reaction time experiments were carried out in which the auditorily presented signals 
were drawn from ensembles of different sizes. 
Two groups of experiments were conducted: 


(1) Auditory-verbal reaction times to digits 0-9 (ro choice) compared with letters 
A—Z (26 choice). 


(2) Auditory-verbal reaction times to nonsense syllables drawn from sets of 
different sizes. 


The authors chose the imitative response of repeating back whatever was heard 
Since it seemed to have a high degree of stimulus-response compatibility. It shoul 
perhaps be mentioned that no operational procedure was carried out to establish 
that this was a highly compatible situation. Since the exact degree of compatibility 
is not an issue in the present experiments, this does not seem a vital objection; there 
are certain stimulus-response relationships which obviously have a higher degree of 
compatibility than others. Thus, although Leonard (1959) points out that ‘com 
patibility" is operationally defined, he does not carry out any series of operations to 
establish that responding with the finger stimulated is more compatible than, S4Y; 
responding with a different finger. In both Leonard’s case, and in the present author 
case, the operational procedures seem unnecessary, the “naturalness” of the relation" 
ship is so evident, although, of course, if one wants to go on to make inferences base 


on different degrees of compatibility, then clearly the operational procedures shoul 
be carried out. 


EXPERIMENT I. LETTERS AND NUMBERS 
Method 


Eight lists of 26 letters were compiled by making eight different random-order arrange 
ments of the alphabet. Eight different lists of 26 digits, o-9, were also compiled by taki?! 
digits 0-9 twice, adding 6 digits randomly selected, and randomizing the order over i 
whole 26. These lists were then recorded on different magnetic tapes by one of 
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experimenters (A. T.), allowi i 
j Pe) wing an interval of 10 sec. betw i i ist. ` 
ract $ ; PS CODE 
PE ee letters were added before each list of 26 letters and 2 ee rdc 
aus z Ep 20 numbers, ''o" was pronounced ‘‘nought.” P Peppers taie 
signals were presented bi lly jec 
fortabl 1 P inaurally to the subject, through e 
s cer XU dd. 70 SENS ns instructions were to repeat DES Qui ES 
, r, each number or lett y: i 
reno expect a list of numbers or of leke, he heard: He wos oe 
_ The EE ES the tape closed a circuit which started a set of dekatron counters 
COE V Ed throat CIRQUE connected to a voice key and his verbal response 
un i itory-v i i 
nearest HIS OTT ET a measure of auditory-verbal reaction time to the 
Dum PCR was carried out using the other two authors, N.M. and R.D., as sub- 
actual lists xe be emphasized that they had nothing to do with the preparation of the 
Nee e nd could not have been familiar with them. Over two months later, after 
Prepared aration: the author A. T. acted as a subject, using the lists she had herself 
Suggests NS ae act that her results are so similar to those of the other two subjects 
carried as hi en if she remembered anything from the preparation of the lists, it was not 
aun N o the reaction time situation. Her results have therefore been included 
The A e results of each subject are considered separately. i 
A Te cpeumental sessions were` preceded by one practice session, consisting of one 
followed [) numbers and one extra list of letters. The eight experimental sessions then 
, each consisting of one list of numbers and one list of letters, with the order 


alte i : 
rnated im successive sessions, 


Results 

oes I are presented Means and S.E.s of the reaction times for the three subjects 

but th e eight sessions. The means for the letters are consistently slightly larger, 
e difference between letters and numbers is very small. 


TABLE I 


EXPERIMENT I 
PEATING NUMBERS/LETTERS FOR THE 


Reaction Times FOR RE 
HT SESSIONS 


THREE SUBJECTS OVER EIG: 


Subject N. M. Subject A. T. Subject R. D. 
Stimuly Numbers Letters Numbers Letters Numbers Letters 

á S 
list Mean | S.E. | Mean | S.E. Mean | S.E. | Mean Mean| S.E. | Mean| S.E. 
3 218 |12:0 | 253 8:0 185 | 9:6 | 223 198 Be 240 | 97 
236 | 11°5 214 8:5 218 | 117 219 213 10'9 241 97 
3 206 -2 | 208 | 95 | 202 | 95 206 207 oe) 247 83 
1 195 | 8:9 | 205 | 99 197 | 84 | 218 2d ee 252 von 
d 192 | 87 | 206 | SI 183 | 89 | ?14 10 25 pes ES 
7 zen MT PIRR i ps oe 194 Do 233 EE 

^ "o I i 

8 m s 8 EN |S ar 76 | 221 190 | 90 | 220 | 9:9 


Me maT i roximately 26 for each entry. Slight varia- 
"ans and standard errors in millisec. N is app’ he part of the subject, fut tisse 


tion, ae 
we Sin N were caused by an 0 al omission or error, on 
Te very few. 


ccasion 


Before evaluating this difference some consequences of the experimental procedure 
Should be examined. - i 
(1) In preparing the lists of Jetters; sampling without replacement was used, in 
Order to S qu wer of each letter within the same list and to ensure the 
Same amount of practice on each letter at each session In the experiment. This has 
P h list there is more constraint on which 


€ consequence that towards the end of eac 
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i ar next than there is at the beginning of the list. This is true to a 

ies edd. the numbers. If this difference were utilized by subjects it could 
possibly produce relatively faster reaction times towards the end of each list of letters, 
and hence reduce any difference between the times for letters and numbers. In 
order to examine whether this happened, the mean RTs for the first ten items in 
each list were compared with the mean RTs for the last ten items in each list, taken 
over all the eight lists. These values are shown in Table II. If there is an effect 
resulting from the greater constraint on the selection of letters toward the end of 
each list, then the difference between the means for the first ten items and the last 
ten items should be greater for the letters than for the numbers. No consistent 
effect of this sort is shown. The differences are insignificant, and not always in the 
same direction. 


TABLE II 
EXPERIMENT I 


OVERALL MEAN Reaction TIMES IN MILLISEC. OVER Eicur SESSIONS ror First TEN 
IrEMs IN Eacu STIMULUS List COMPARED WITH Last TEN IrEMS IN Eacu List 


——————————————————— 


197 230 
———————————— K—Á—— Á — M— Él — 


Subject N. M. | Subject A. T. Subject R. D. 
Numbers | Letters | Numbers | Letters | Numbers | Letters 
First ten items .. me 195 207 I9I 219 200 234 
Last ten items .. ys 208 217 194 212 


(2) In any comparison involving different ensemble size, one cannot balance 
practice equally over the ensembles, and at the same time have equal practice on the 
separate items. Under the condition of the present experiment there was over 
twice as much practice on any individual number as compared with any individual 
letter during the course of any one session. This was an inevitable consequence ° 
the experimental design, but it should be noticed that the greater practice On 


individual numbers should tend, if anything, to increase any difference in reaction 
time between numbers and letters, 


(3) When using an auditory method of presentation there is some uncertainty 
about which point should be taken as the onset of the signal. There is a similar 
uncertainty about the onset of the verbal response. Thus, the subject may be 
hearing the letter/number before the key responds. Hence, the reaction time on 
the counters would be too small. On the other hand, the key may not operate at the 
beginning of the subject's verbal response. Hence, there may be a delay in stopping 
the counter and the apparent reaction time would be too large. 


Control Experiments 


(A) A series of “pips” from an oscillator were recorded on magnetic tape at intervals 
of approximately ro sec. The “pips” were presented as a stimulus series and the subject 
was asked to respond by going through the alphabet, saying “A” to the first pip, “B” to 
the second, and so on. The variability in the time at which the signal from the tape 
starts the counter is now reduced. The response can be prepared in advance, so there 15 
no uncertainty about the response at the moment the signalis given. If there is a constant 
difference in reaction time when saying one letter compared with another, this must be 
the result of variability in the time at which different verbal responses stop the counter: 
Hence, if the mean RTs for repeating different letters are taken, this gives a control measure 
for the variability in the response. The same procedure was repeated for numbers. 
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(B) The lists of letters used in the original experiment were prese: i 
subject was asked to respond by saying “UM” whatever the letter was, ee 
in the time at which the signal from the throat microphone stops the counter is now BA 
duced. Differences between the mean RTs for different letters will represent variability 
in the time at which a spoken signal from the tape recorder starts the counter. The same 
procedure was repeated for numbers. < 

(C) A simple “vocalization time” was found for each subject by pre: i i 
of “‘pips” and asking for the same response of “UM” to each of tend pec 

UM,” “UP,” and “UGH,” all gave consistent reaction times with no differences between 

them. These RTs were as short or shorter than RTs for any other verbal response the 


experimenters tried.) 

Let A be Mean RT in saying a particular letter/number to a “pip” signal. 

Let B be Mean RT in saying “UM” to the same letter/number as a signal. 

Let C be Mean RT in saying “UM” to “pip” signal (vocalization time). 

If C > B this must mean that the letter/number is being heard before the key operates 
to start the counter. Hence, the apparent reaction time in the main experiment is too 


small. The correction to add for signal variability is (C — B). 
If A > C the key is lagging behind the subject's response and is late in stopping the 
counter. The apparent reaction time is too large. Hence, the correction to subtract 
for response variability is (A — C). The corrected reaction time, RT’, for each letter/ 
number can then be obtained from the reaction time, RT, in the original experiment: 
RT’ = RT + (C — B) — (A — C) 
= RT + 2C — (A+ B) 

The corrections were computed individually for each subject, for each letter/number. 
As an approximation, an overall correction for letters taken together and a similar 
correction for numbers taken together was derived. These values are shown in Table 


III, together with overall means for letters and numbers over the eight sessions and the 
final "corrected" values obtained by applying the corrections to the appropriate overall 


means. 
TABLE III 
EXPERIMENT I 
OVERALL MEAN REACTION TIMES IN MILLISEC. FOR THE EIGHT SESSIONS, THE CORRECTIONS 
“CORRECTED” MEANS FOR NUMBERS 


CoMPUTED FROM THE CONTROL EXPERIMENT, AND THE 
AND LETTERS 


ee LM ATTE 
Subject R. D. 


Subject N. M. Subject A. T. 
Letters | Numbers | Letters 


Numbers | Letters | Numbers 
Overall mean  .. m 204 p: 294 ts 433 i 
Correction i v3 rS is “aa F 21 2 4 
191 193 | 184 199 4 2 


“Corrected” mean 


between letters and numbers is insignificant at 
differences just border on significance at the 


the difference 
nce in reaction time produced by the 


bjects the difi 
little differe 


For one subject (N. M.) 
any level, for the other two su 
P = 0-05 level. There is, thus, Very 


difference in ensemble size. 
nble size may be regarded as a difference between an ensemble 
bers). Since evidence will be pre- 
of 26 letters) and an ensemble of 10 (for num , Sin 
E d: i is paper to suggest that the subject begins his response as soon as he 
hears the first phoneme, without waiting for the completion of the letter/number, it 
ma i ie x re 30 regard the difference in ensemble size as determined by the 
number of different initial phonemes in pronouncing the alphabet, and in pronouncing 


The difference in enser 
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thenumberso-9. The ensemble sizes would then be about 17 or 18, and 7. Howes 
the difference in information in selecting equiprobable alternatives from these 
ensembles is almost the same as the difference between ensemble sizes of 26 and 10, 
a difference of between 1-3 and 1-4 bits. i - s . 

If one regards the small differences in reaction time found in the experiment E 
representing real differences in the time required to cope with the different amount o 
information in the ensembles, despite the fact that the differences are barely signifi- 
cant, then a difference of about 20 millisec. between the letter and the number 
condition is about the maximum one could allow. This corresponds to a rate of gain 
of information of between 65 and 7o bits/sec. 

One way of deciding whether a real difference exists is to increase the number of 
ensemble sizes used. Although the difference between two adjacent ensembles may 
not be significant, an overall trend of increase of reaction time with ensemble size 
should be evident. An increased number of ensemble sizes was one of the features of 


Experiment 2. 
EXPERIMENT 2. NONSENSE SYLLABLES 


A distinction was drawn between "compatibility" and "familiarity" earlier in 
this paper. In the first experiment the subject was very familiar with the letters 


and numbers used as signals and the “compatibility” between stimulus and response — i 
was also high. A second experiment was designed to distinguish between the effects | 


of compatibility and familiarity. The response was again to repeat back whatever 
was heard, but the signals were nonsense syllables drawn from groups of different 
sizes. Before each trial the subject was informed of the vocabulary of nonsense 
Syllables from which signals in that trial would be drawn. Presumably at the 
beginning of the experiment the subject would be unfamiliar with these signals af 


any effect of increasing familiarity with the vocabularies would be shown as the 
experiment proceeded. 


Method. 
Four different vocabulary sizes were used. 
(1) 2 choice. The signal was either DEG or WOB. 


(2) 4 choice. The signal was one of the nonsense syllables WEK, DUX, TAZ, VIP. 


(3) 8 choice. The signal was one of the nonsense syllables BEM, VUL, WAB, LIX, 
TOF, DUP, FEK, NAD. 


(4) Large choice. The signal could be any of the three-letter nonsense syllables, 4° 
far as the subject knew. In fact, 6o different syllables were used. 


All nonsense syllables were selected from those having approximately equal association 
value (between 53 and 67 per cent.) in Glaze’s list (Stevens, 1951). In conditions (o 
all the nonsense syllables within any vocabulary began with a different letter (and with 
different phoneme). A 

From each vocabulary six different lists of 20 nonsense syllables were compiled. les" 
“controlled random” selection was used so that the frequencies of the different syllabl 2 
within any one list were approximately the same. These stimulus lists were recorded Tè 
magnetic tape by A. T., with an interval of approximately 10 sec. between each sylab ma 
Before each trial the subject was told what vocabulary would be used and, in all but t 
large choice condition, was given the appropriate vocabulary to learn. When he by 
learned it well enough to repeat it either forwards or backwards, he put on the earphone? 


the tape recorder was started and he was asked to repeat the syllables he heard as rapidly ! 


as possible. Reaction times were recorded in the manner already described. dt 
practice session on an extra list drawn from each vocabulary was allowed, and this V 


followed by six experimental sessions (normally one per day). Four lists, one drawn fro? 


each vocabulary, constituted an experimental session and the different vocabul 


B ; n . 4 pe’ 
conditions were presented in alternate order in consecutive sessions (ayaa aoe 
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TABLE IV 
EXPERIMENT 2 


REACTION TIMES FOR REPEATING NONSENSE SYLLABLES DRAWN FROM 


Groups or DIFFERENT SIZES 


85 


Subject A. T. 
Degree of choice 
2 8 Large 
Trial Mean S.E. Mean S.E. Mean S.E. Mean SE 
I 162 5'5 178 6:7 204 9:2 238 8:0 
2 150 8:5 182 6-0 187 75 207 8:0 
3 204 370 188 8-0 209 6-0 226 5:0 
4 175 6-0 169 8-0 180 9:0 200 79 
5 181 5'0 184 5'0 193 9:0 205 12:0 
6 195 7yo 188 70 204 7o 215 IO:0 
First three 
trials 172 183 200 224 
Last three 
trials 184 180 192 207 
Subject R. D. 
Degree of choice 
2 8 Large 
Trial Mean S.E. Mean S.E. Mean S.E. Mean S.E. 
—————À 
1 86 | roo 213 | roo 223 0, 1070 ERU NER 
2 182 6:8 201 5: 6* 225 77 232 59 
3 205 3'o 207 64 225 64 250 I 
8-0 183 g'o 187 "9'0 220 79 
; a | 55 152 0 I07:5 170) | 6:5, 1| ~ 223 M80 
à 166 6-0 170 7o 181 75 cies Na 
First three 
trials I9I 207 224 243 
Las: 
t three 182 179 218 


trials 173 
NS. | clue us. LIN E 
Subject N. M. 


First two 
trials 
Last two 


Degree of choice 


. N is 20, approximately, for each entry. 


trials i 


Means and Standard En edis under each condition compared with the last three 


first three 
veral] means for the (For subject 


trials are also shown. | 
since ioo completed four trials.) 


N. M. the first two are compared with the last two 
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etc. It should be emphasized that for each session a different stimulus list was used 
for each vocabulary, so there was no possibility of learning the actual lists. 

The authors N. M. and R. D. acted as subjects. They knew nothing at all about 
the structure of the lists, nor the vocabularies used, until they entered the experiment as 
subjects. After a complete break of over a month, the author A. T. acted as subject 
using the same lists. The results are presented separately for each subject and there is 
no evidence to show that A. T's. prior acquaintance with the lists gave her any advantage 
in predicting what was coming, although her overall performance on the first three trials 
is slightly better than the other two subjects. 


Results 

The Means and S.E.s of the reaction times for each condition are shown in Table IV. 
Unfortunately, N. M. only completed four out of the six sessions, but the results of 
these are given. 

In Figure 1 are plotted (for A. T. and R. D.) the overall means of the first three 
trials as compared with the last three trials for the 2-, 4- and 8-choice conditions. 


DISCUSSION 


One conclusion clearly emerges. During the early stages of the experiment the 
mean reaction times for the different conditions vary almost linearly with the amount 
of information conveyed by the signal, although the rate of gain function, represented 
by the slope of the line, is very high (again between 60 and 70 bits/sec.). However, 
in the later stages, the difference between 2, 4, and 8 choice is eliminated. The only 
condition which shows a significant difference in reaction time from the others is the 
ünlimited choice condition. If N. M.'s results in Table IV are examined, it can be 
seen that he shows no consistent difference between 2-, 4-, and 8-choice right from 
the start of the experiment. 

Itmay be noticed in Figure that if the linear relationship between reaction timeand 
information content for the first three trials is extrapolated to higher degrees of choice, 
then the values of reaction time for the large-choice situation (Table IV) correspond to 
an information content of 4 to 5 bits for both subjects. This could be interpreted to 
mean that the effective degree of choice confronting the subject in the large-choice 
situation lay between 16 and 32 alternatives. If the subject began his response as 
soon as he heard the first phoneme of whatever nonsense syllable was presented this 
would mean that the effective choice was from about 20 alternatives. (Here, we are 
dealing with the phonemes involved in using all consonants at the beginning of 
nonsense syllables whose second letters are vowels. These phonemes will be different 
from the phonemes involved in Experiment 1.) The fact that the general magnitude 
of reaction times was so short suggests that the effective degree of choice was limited 
in some such manner. Subjects could not possibly have waited until they heard the 
end of a nonsense syllable before beginning their response, since the time to utter any 
syllable was of the order of 200 millisec. The value obtained by extrapolation in 
Figure r supports this interpretation. In the 2-, 4-, and 8- choice conditions the 

fact that the choice was made from the specified number of alternatives was ensured 
by making the initial letter (and phoneme) of each nonsense syllable different from 
the initial letters (and phonemes) of all other nonsense syllables in the same vocabulary- 

In a subsidiary experiment, a different group of subjects was. asked to repeat 

monosyllabic words drawn from a set of five, without knowing which would be pre- 
sented. Each word commenced with the same phoneme (e.g. Ann, Add, Amp, Axe, 
At). The mean reaction times obtained were all about 150 millisec., which was the 
same as the reaction time to any one of them when the subject knew which would be 
presented. 


^ 


` 
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The time to identify a word was usually longer than the reaction time. This was 
determined by using an “auditory tachistoscope." A series of condenser-resistance 
circuits was used to cut off the end of each word at a predetermined time after it 
began. The length of time each of the five words had to be “exposed” auditorily 
before it could be identified varied between 150 and 30ọ millisec. This clearly 
establishes that most of the responses were made on the basis of the initial sounds 
alone. The fact that the subject begins his response on hearing the first phoneme, 
yet continues without hesitation to produce the correct word, must mean that the 
response is not fully organized from the beginning—but that some very rapid sensory- 


motor adjustments are taking place. 


FIGURE 1 
(Experiment 2) 


Subject A.T. o 
Subject R.D. * 
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ma rea D. n what they said. Each word. was Hen x peer an 
Wen i with no obvious break after the first phoneme, j 
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5 id indeed. 
required to produce the correct ending were very rapid in 
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allows a sufficient amount of practice in the situation, there is very little significant 
variation in reaction time with the number of alternatives in the set from which the 
signal is drawn. Both Mowbray and Rhoades (1959) and Leonard (1959) reach 
similar conclusions, although the former authors had to use very extended practice 
in their light-key situation. 

The present authors suggest that a distinction be drawn between two different 
kinds of performance, in thefollowing manner. Theconception of the human operator 
as a channel of limited capacity may apply only in situations where the task requires 
his full attention (Davis, 1957 and 1959). The human organism during the whole 
of its life is coping with signals from the environment which are not attended to, 
although responses appropriate to these signals are continually made. The transition 
between learning a skill and being a fully competent performer is usually accompanied 
by a reduction in demands on the attention of the skilled performer. The required 

responses are produced "automatically." Such '"automatization" of responses might 
be regarded as a by-passing of the decision processes required to select them in.the 
earlier stages of training. Or better, the decision making system is now proi ammed 
as a result of training, so that “automatic” selection ofa response occurs. This may 
‘occur not only in tasks where there is a rigid sequence of responses, but also in 
situations where alternative signals require a variety of responses, provided the 
stimulus-response relationships are sufficiently well learned. Imitative responses of 
the kind considered in this experiment provide a particularly good example. 

When considering applications of information theory to skilled performance it 
would seem worthwhile to distinguish between the “automatic” situation and the i 
situation in which the subject has to devote his full attention to the task in order to 


perform it successfully. The rate of gain of information appropriate to the latter 
situation might be quite inappropriate to apply to the former. 
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SEQUENTIAL REDUNDANCY AND SPEED IN A SERIAL 
TWO-CHOICE RESPONDING TASK 


BY 
PAUL BERTELSON 


From the Medical Research Council Applied Psychology Research Unit, 
Cambridge* j 


The task used is a self-paced 2-choice serial responding task, involving two neon lamps 
as signals and two response keys in simple spatial correspondence with the signals. In 
Experiment r, three conditions with respectively 1/4, 1/2 and 3/4 alternations between 
successive signals were compared. It appeared that subjects go faster with 1/4 than with 
3/4 alternations. From the point of view of information theory, both conditions present 
the same amount of information per signal. The asymmetry in the effects of both forms of 
sequential redundancy could be attributed either to some bias in the expectations of the 
subjects or to some inertia phenomenon favouring responses to repeated signals. It 
was reasoned that if the last explanation was true, the asymmetry would be reduced if 
a time-lag was introduced between end of response and appearance of next signal. This 
was done for one group of subjects in Experiment 2. These subjects worked on the 
same three conditions, with a time-lag of o:5sec. The asymmetry was significantly 
feduced when compared with another group of subjects who worked with the same 
0:05 sec. time-lag as in Experiment 1. Analysis of separate RTs confirmed the main 
conclusion that choice processes involve a transitory residual effect favouring repetitions. 


INTRODUCTION 


Recent experimental work on skills has made wide use of serial responding tasks 
where the operator has repeatedly to choose the correct responses for signals which 
come in rapid succession. For research purposes, such tasks present the advantage 
of lending themselves easily to an analysis into reaction times, since the experimenter 
can know exactly when the information for each response becomes available. But 
it must be realized that this character is presented by very few real-life situations and 
that in most everyday skills the relationship between receptor and effector processes 
is much more complicated than a simple one-to-one correspondence between isolated 
elements of both series. 

One of the facts that complicate the picture is that in most situations, what will 
come can to some extent be predicted on the basis of what has come before. As 
Ombredane and Faverge (1955) write, man does not generally respond to isolated 
signals but to "signal sentences" (propositions de signaux). Now this feature can 
be introduced into serial responding tasks by making the series of signals sequentially 
redundant, i.e. by making the immediate probability of each signal dependent on 
which signal, or which group of signals, came before. This seems to be one way of 
bridging the gap between serial responding and more integrated skills. 

The experimental evidence about the effects of sequential redundancy on per- 
formance is rather limited. Among the several studies relating choice reaction time 
to amount of information, Hyman’s (1953) is the only one where the effect of varying 
conditional probabilities was considered. This author showed that mean RT is 
shorter when the series is sequentially redundant. He further contended that the 


* On visit from the University of Brussels. Now returned to the Psychological Lab- 
oratory of this University. 
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reduction in RT is a linear function of the reduction in entropy, but his demonstration 
is far from conclusive since in his Experiment 3, number of alternatives was varied 
at the same time as conditional probabilities. Hyman was only concerned with 
discrete reaction times. For serial tasks all we have is the incidental observation by 
Crossman (1953) that in his card sorting experiments the effect of occasional bad 


shuffling was very marked. 


A first exploration into the effects of sequential dependencies on performance in 


a serial task was done by the present author using card sorting. Two categories 
only were considered: black and red. Sequentially biassed packs were compared as 
to sorting time with unbiassed (i.e. thoroughly shuffled) ones. In all cases, overall 
frequencies of red and black were equal. But first-order conditional probabilities 
were varied. Divergence from sequential independence can be achieved in two 
ways: there can be more repetitions of the same colour, or more alternations between 
colours, than in a random series. In the first case, the occurrence of a particular 
colour increases the probability of its immediate reoccurrence, in the latter it decreases 
that probability. Equal deviations in per cent. alternations above or below 50 per 
cent. decrease the entropy of the series by the same amount. The main suggestion 
gathered from the experiments was that the effects of both deviations on sorting time 
are not symmetrical. Packs with 3/4 repetitions gave shorter sorting times than 
packs with 3/4 alternations. 

Card sorting was, however, not a very convenient experimental situation, because 
(x) preparing packs of prearranged order is extremely time-consuming, (2) sudden 
improvements in the manipulative aspects of the skill still occur after considerable 
practice, and (3) ding the details of the performance. 


there is no opportunity for recor 
For those reasons, an apparatus providing a self-paced key-pressing task with 
control of first orde 


r conditional probabilities was built. 
47 
APPARATUS 
The display consists of two neon bulbs, 4:5 cm. apart in the frontalplane. Two relays 
(G.P.O., type 3000) serve as response keys. A force of +80 gr. is necessary to operate 
in a horizontal panel on which the subject puts his 


them. Bulbs and keys are inserted 
forearms with a finger of each hand on one key. The keys are 40 cm. apart. 


When either key is oes off. The next signal appears a 
constant adjustable interval after the ke 
about o'o5 sec. The correct response cons 
and vice versa. Incorrect responses have the s 
but in addition they activate an error counter. s 
The signals are controlled by a programming unit based o! 


g n the use of two uniselectors. 
The principle on which it works has been described previously (Bertelson and Davidson, 
1959). This programmer generates a series 


which is not repeated before thousands of 
steps. The proportion of alternations depends on the wining iApps an n8 plug 
s i asily replaced when wanted. : D 1 
MEUM ea ae pee sockets was chosen so that rums pu peab o 
the different lengths occur with relative peua SEEN a as posu Mo 
M ; 5 7) with the samt ional probabilities. 
probability in a Markov chain (Feller, 1950, P- 307) V " long runs nev 
i true Markov chain 15 that very long runs never occur. In 
We RI Pe acute M adc no run of more than seven identical signals occurs. 
In general, the series are more stationary than true nd Sese. quii frequency of 
[2 thi rly constant for all successive blocks © 100 S s is inconvenience 
Rey EE i occasionally advancing the uniselectors by hand between two 


blocks. Ti 
F ically after 50 responses. ime measures are taken on 
OD ime per block of 50 responses. The other 


(This measure was not available at the 


pressed, the stimulus light g i 
y is released. The shortest possible interval is 


ists of pressing the left key for the left signal 
ame effect on the display as correct ones, 
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EXPERIMENT I. SEQUENTIAL REDUNDANCY AND RATE OF RESPONDING 
The purpose of this preliminary experiment was to answer two questions: 
(a) Can subjects take advantage of sequential redundancy to increase their 
response rate? 


(b) Does it make any difference whether the redundancy results from increasing 
the proportion of alternations above the level corresponding to randomness 
of from decreasing it below that level? 


Three conditions were compared. In all three, left and right signals occur with 
equal overall frequency. They differ in the first-order conditional probabilities as 
follows :— 

Condition REP (repeating): p,(!) = p,(7) = 0°75; fir) = $.0) = 0°25. 
Condition RAND (random): ,(/) = #,(7) = fir) = 2.0) = 0°50. 
Condition ALT (alternating): p,(/) = 2,(r) = 0-25; pil”) = 2.0) = 075. 


Information content is 1 bit/signal for condition RAND and o:8z bit/signal for con- 
dition REP and condition ALT. 


Method 


The subjects were six Royal Navy ratings. Each subject participated in eight sessions. 
On the first, the experimenter demonstrated the functioning of the apparatus. He 
explained that the task was to deal with each block of 50 signals as fast as possible, without 
making errors. At each session, 20 blocks were given, the same condition being used 
throughout. Between two blocks, there was a rest of +35 sec., during which the subject 
was told his total time for the block and the number of errors. A rest of 3 min. was 
interpolated between blocks 10 and 11. The sessions were organized as follows:— 


Sessions 1-2: practice on condition RAND, 
Sessions 3-4-5: the three conditions, in random order. 


Sessions 6-7-8: idem, the order for each subject being chosen independently of 
sessions 3—4—5. 


The experimental design for the test sessions thus consisted of two successive in- 
dependent random blocks. 

In this experiment, the apparatus was used throughout with the minimum interval 
of about 0-05 sec. between release of key and onset of next signal. > 

On the six experimental sessions, errors were verbally penalized, according to a fixed 
schedule. If the subject made three, the experimenter said “Mind the errors." If he 
made four or more "This is too many errors. Try to avoid them." During the two 
practice sessions, subjects were reminded of the importance of being accurate as often as 
seemed necessary. of. 

Subjects were given no verbal information about the statistical structure of the series 
of signals they were going to deal with. 

Masking noise (+80 db.) was applied through earphones to prevent the subject from 
being influenced by the rather loud clicks made by the apparatus. 


Results 

Mean total times per session (1,000 responses) and percentages of errors are given 
in Table I. 

Variance analysis of the total times per subject and per session revealed a signifi- 
cant interaction between conditions and parts of the experiment (sessions 3-4-5 VS- 
6-7-8). The data for both parts were then separately analysed, and a significant 
conditions effect (5 <o-or) was found for sessions 6-7-8 (but not for sessions 3-4-5)- 


-— n 
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Duncan's multiple range test (Federer, 1955, pp. 26-29) indicates that, at the o-or 
level of significance: 
Tage < Tar and Tarer < Tpaxp 


but T,,, is not different from Ty». 
The slight differences in percentages of errors are not significant. 


Discussion 
It seems that, at least for subjects having an amount of practice equivalent to the 
first five sessions of this experiment: 
(a) a series of signals containing 3/4 repetitions permits a faster responding rate 
than a random series; 
(b) a series containing 3/4 alternations does not permit a better performance 


than a random series. 

This confirms the observation made in the card sorting experiments. Response 
rate cannot be completely predicted on the basis of amount of information trans- 
mitted. 

TABLE I 
RESULTS OF EXPERIMENT I 


o O ———MMM—MMMM—MM———M—M———— 
Conditions REP RAND ALT 
Proportion of alternations 0:25 0:50 0:75 
Total time for 1,000 responses, in seconds 
Sessions 3-4-5 É E e] 4445 456-0 469:8 j- 
Sessions 6-7-8 395'3 437°0 445°0 
Errors in per cent. 
Sessions 3-4-5 os 29 "us 32 2:95 3:27 4:03 
Sessions 6-7-8 ss T € 2 4°52 2:85 4:00 


eee 


How can we account for the discrepancy? A reasonable assumption about the 
way redundancy would permit a faster performance is that subjects would, on more 
than 50 per cent. of the cases, prepare for the preponderant event. By preparation 
is meant any process leading to a gain of time on a subsequent action. Presumably, 


it consists of part of the operations involved in the analysis of the signal and organiza- 
tion of the response being done in advance. Our results seem to imply that subjects 
ALT condition as effectively as for repetitions 


do not prepare for alternations in the t 
(EP This could possibly result from two different causes: (1) that 


in the REP condition. í : 
the expectations are not symmetrical, or (2) that both types of preparations /are not 
equally difficult. m 

are for repetitions under condition REP more often 


1) The subjects would prep 
pu s x AM under condition ALT, because they expect them more often. 


i ik ich are now in frequent use, the 
In terms which the author does not like but which. : 
"subjective probability" of alternations under condition ALT would be lower than 
that of repetitions under condition REP. This hypothesis 1s, however, in contradic- 
tion with the well-known "gambler's fallacy” which makes people faced with a 


Stochastic process anticipate more alternations uran really cur. 
non, the subject would, immediately after a 


t me inertia phenome S t 
a md ^ bids position to repeat that choice than to do the opposite one. In 
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condition ALT, even when he expects an alternation, it would take some time to get 
ready for it. The new signal comes before he has been able to prepare completely, 
and his RT is accordingly longer. 

The latter hypothesis makes the slower response rate in condition ALT, as 
compared with condition REP, dependent on the time available for preparation 
before the onset of the next signal. A test of this hypothesis would consist of giving 
more time for preparation by increasing the time-lag between the end of the response 
and the beginning of the following signal. If the hypothesis is true, this should 
result in reducing the superiority of condition REP over condition ALT. Such 
a reduction, on the other hand, would be difficult to explain in terms of expectancy. 


EXPERIMENT 2. INFLUENCE OF LENGTH OF TIME-LAG 


The aim of this experiment was to test the prediction derived from hypothesis 2, 
that the faster response rate in condition REP when compared with condition ALT 
depends on the timing of signals. 


Method 


The same three conditions were used. There were two groups of 12 subjects (R.N. 
ratings again) differing in the length of time-lag between end of response (releasing of key) 
and onset of following signal, as follows:— 

Group TL (time-lag) : interval of 0:5 sec. 
Group NTL (no time-lag): interval of 0-05 sec. (as in Experiment 1). 

The procedure was the same as in Experiment r: 8 sessions, 20 blocks of 50 responses 
per session, each of them on the same condition. The only difference is that the order of 
the conditions was organized in latin squares. For each part of the experiment (sessions 
3-4-5 and 6-7-8 respectively) the two existing 3 x 3 latin squares were used, with two 
subjects per row. Subjects were allotted to the rows in the second part independently 
of the allocation in the first part. (This is in facta mistake. It results from the fact that 
the experiment was started with a random block design. Then the inconvenience of this 
design was realized, and the last subjects were tested so as to complete the latin square 
design.) 

The instructions were modified in order further to emphasize the need for accuracy: 
it was pointed out that it was even more important to avoid mistakes than to go fast. 

The details of signals and responses were recorded for four blocks on each of the three 
last sessions, on an Evershed two-channel pen recorder. One pen was used for the signals, 
the other for the responses. The paper was run at a 1 in./sec. speed. From the records, 
RTs and pressure times could be measured with satisfactory accuracy to the nearest 
1/100 sec. 


Main prediction 


Since overall time includes the time-lag which is different for the two groups, the 
comparison will be made from the point of view of RTs. Our prediction is that the 
difference RT,,, — RT,,, will be smaller for group TL than for group NTL. An 
alternative form of the same prediction is: 


Dzer < Dar (where Disp ES RT perre = RT, s) 
The prediction is made for sessions 6—7-8, since the superiority of condition REP 
was demonstrated only for those sessions in Experiment I. 
Results 
I. Overall scores: total time, RT and error rate 


These scores for both groups on sessions 6-7-8 are given in Table II, It will be 
observed that total times for group NTL are practically identical with the corres- 
ponding times in Experiment 1. The error rate is lower and there is now virtually 
no difference between the conditions. 


PIU 
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TABLE II 


EXPERIMENT 2. RESULTS FOR SESSIONS 6-7-8 
Ew 00 X. eee ee et 


Conditions 
Score Group REP RAND ALT 
Total time per cycle in millisec. NTL 3972 436:8 AAT 
TL 9373 94670 9471 
Mean reaction time in millisec. NTL 2940 319:6 323:6 
TL 296:6 3074 3043 
D —2:6 12:2 I9:3 
Errors in per cent NTL 2:70 2:32 2:61 
TL 2-12 1:92 1:80 
D 0:58 0:40 oI 


For RTs we observe in group NTL differences which are parallel to those observed 
on total times. In the discussion of Experiment 1, it has been implicitly assumed that 
the effect of conditions on total time was reflected in the RT component. The 
assumption now appears to have been justified. The differences between conditions 
are much smaller in group TL. Variance analysis of the RTs for both groups yields 
a significant ($ <o:or) condition X time-lags interaction. The subsequent applica- 
tion of Duncan's test to the three values of D shows that, at the o-or level of - 


significance, 
Dyer < Daur () 


but nothing can be said about the differences 
(Dxaxp — Daze) and (Daz — Draso) 

Our main prediction is thus sustained: the faster responses obtained in condition 
REP when compared with condition ALT were, partially at least, due to the short 
interval between end of response and appearance of next signal. 

It is worth noting that the results for sessions 3-4-5 are very similar and allow 
exactly the same conclusions to be reached. The differences that existed in Experi- 
ment 1 between the results of the two parts were probably due to some practice effect 
which the random block design did not control sufficiently. 

Total times per block and corresponding cumulated RTs were plotted for each 
group and each condition in the form of learning curves. This permits the observation 
of intra-session trends. A rather surprising finding is that no improvement in RTs 
is observed, not even in the redundant conditions. The superiority of condition 
REP in group NTL is observed even in the very first block. It will be remembered 
that subjects were given no information about the statistical structure of the series 
of signals, One must thus admit that the shorter RT under condition REP cannot 
depend on something which must be learnt about the series of signals—unless one 
assumes that this learning is fast enough to be completed and give already its full 
that the validity of the significance levels hangs on the 
t interaction terms. In case this was questioned, it 


Ca: f the two latin squares (two Ss in each row) the differences 
n be shown that for each row ¢ TL group than for the NTL group. So, bya one-tailed 


Tar; — RT nue are smaller for the 
Sign-test the Significance is 2-5, which is less than 0702. 


1 Dr, M. Stone pointed out | 
Supposed independence of subjec 
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effect on performance in the first 50 responses. If one wanted to stick to an explana- 
tion in terms of expectancy, one should assume that the bias in expectancies exists 
prior to any contact with the series. 3 ! 

At the level of total times, a definite intra-session improvement is observed, m 
each group and under all conditions. Since practically no reduction occurs in RTs, 
the improvement must be due to the subjects learning to release the keys faster. 
This is confirmed by the consideration of inter-session trends. In Table III, total 
time for each session was analysed into two components: RT and a "residual time 
which was obtained by subtraction and is equal to the duration of the pressure on 
the keys, plus the time-lag. Variance analysis shows that a significant order effect 
exists for residual time but not for RT. 


TABLE III 


EXPERIMENT 2. MEAN REACTION TIME AND RESIDUAL TIME FOR THE 
EXPERIMENTAL SESSIONS (IN MILLISEC.), 


a a A S 0r NN 


Sessions = 
G 8 
voup Score 3 4 5 6 7 | fas 
NTL Reaction time 328 323 326 315 314 309 
Residual time 159 151 136 118 120 hee 
TE Reaction time 312 310 307 o 300 305 
Residual time 669 653 649 $4 647 $23 


2. Analysis of isolated RTs 


d 

Separate RTs were measured to the nearest 1/100 sec. from the paper records n 

classified as corresponding to a repeated or a new signal. Those correspon For 

(a) to the first reaction of each block, and (b) to false reactions, were excluded. ted. | 

each condition, the median RT for each subject in each category was compu E 
Those medians appear in scatter-diagram form in Figure x. Table IV gives avere 


for the 12 subjects in each group. The following observations are of interest. 


TABLE IV 


EXPERIMENT 2. RT TO REPEATED AND TO NEW SicNALs—MEANS OF 
12 INDIVIDUAL MEDIANS (IN MILLISEC.) 


———————————— o çZ 


Conditions 
Group Signals REP RAND ALT 
NTL New 335 308 298 è 
Repeated 245 279 319 
TL New 320 291 273 
Repeated 272 290 307 


—— ——————MÀMÀ— MA UNI eee 


[ ed 
(a) Redundant conditions. Inthe TL group, all subjects respond faster to repeat 5) 
signals under condition REP (5 < 0-01, using the Wilcoxon test, Siegel, 1956, P on): I 
and all but two respond faster to new signals under condition ALT (f i assed 
Subjects seem thus definitely to anticipate the preponderant event in these 
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conditions. Owing to the small differences in average RT between the two biassed 
conditions and the unbiassed condition RAND one could have wondered whether 


any such anticipation took place. 


FIGURE 1 
Group NTL Group TL 


0-40 


R.T. to new signals 


025 030 035 025 0:30 
R.T. to repeated signals 


Scatter-diagram showing RTs to new and to repeated signals. 
Abcissa: median RT to repeated signals (in sec.). 
Ordinate: median RT to new signals (in sec.). 


Each point — 1 subject. 
ted signals under con- 

T j up all respond faster to repeated sig : 
HEUS Papas By i not surprising. Under condition ALT, eight 
respond faster to new signals (P. < 0:02). It would thus ids a ur that gue 

» ime-lag of 0:05 sec. 
is no time to prepare fot E 5 
o Cade m c or alternations. But it is important to notice 
„that the state reached is muc! 
ence between the two conditions mus 


not observed in group TL. 
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' (b) Non-redundant condition RAND. All subjects of the NTL group but two 
respond faster to repeated signals (p < 0:01). No such tendency appears in group 
TL. The effect must thus be linked to the timing of signals. 

For the TL group, one must notice that although there is no overall tendency to 
respond faster either to new or to repeated signals, individual subjects show such 
tendencies, either in one or the other direction. (A deviation from equality of about 
ro millisec. is significant at 0-05 for those individual medians, each of which is based 
on 90-95 RTs). There are probably variable individual strategies favouring either 
repetitions or alternations. Such differences very likely play a role under the other 
conditions also and may account for the large scatter of individual results, which is 
observed in Figure r. 


Discussion 


One can, for ease of discussion, analyse a task like this into successive cycles, 
each cycle beginning with the appearance of one signal. During each cycle, the 
subject has two aims to achieve: respond to the present signal and prepare for the ' 
next one. In the former discussion, it was hypothesized that, in the redundant 
conditions, subjects would tend to prepare for the preponderant event (by "event" 
we mean repetition or alternation). The study of separate RTs has now shown that 
they actually do it. It is of course not possible to state on which proportion of the 
cases an adequate expectation is built up. But the fact that in both redundant condi- 
tions, and in both groups, the mean RT to the preponderant event is shorter, means 

- that there is a tendency to prepare adequately in the majority of cases. 
The main conclusion of these experiments is, however, that it takes less to prepare 
| for a repetition of the choice which has just been made than for another choice, so 
that the time available for preparation becomes a critical factor. The time available 
for preparation must not be confused with the duration of the time-lag. Very 
likely, preparation can begin as soon as the reaction has been started, and proceed 
while the key is pressed. The possibility must of course be considered that it would 
occasionally be delayed by some distraction phenomenon, like the subject “paying 
attention” to feed-back stimuli from his own response (Welford, 1952). The amount 
of time available for preparation cannot be stated. It is whatever part of the total 
cycle is not occupied by other processes. From our present point of view, the only 
important fact is that it gets longer when the time-lag is made longer. 

The existence of a facilitation favouring repetitions, which we propose to call 
"repetition effect," was assumed to explain the asymmetry in the consequences of 
both types of sequential redundancy we considered. It has now been shown that it 
can be observed also, in non-biassed series, in the form of shorter RTs to repeated than 
to non-repeated signals. It here manifests itself in a simpler way. With sufficient 
time-lag, subjects adopt varying strategies, so that some prepare for repetitions, and 
others for alternations. But with a short time-lag the onset of the signal catches 
them in a position where most of them respond faster to repetitions. 

It is worth noting that a somewhat similar finding has been reported by Hyman 
(1953). In his non-redundant conditions, this experimenter found that RT was 
shorter when a particular stimulus was repeated in the series. This was observed for 
the 4- and 8- choice conditions, but not for the 2-choice one, where a very slight 
opposite tendency appeared. It will be remembered that Hyman’s experiment was 
of the discrete reaction type. From his description, one can gather that a stimulus 
was presented about every ro sec., perhaps a little less (360 measurements in a 1-hr. 
session) On the basis of our results, it is thus not surprising that no repetition effect 
was observed in the 2-choice condition. The phenomenon observed for the higher 
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degrees of choice can be understood under the assumption, which Hyman makes, that 
the residual effect resulting from having just seen and reacted to a particular 
i stimulus” lasts longer when there are more alternatives to choose from. A question 
which could also be considered is whether the effect does not last longer when a more 
complex coding operation is involved. The code used by Hyman (syllables to be 
associated to spatially arranged lights) is certainly less compatible than the very 
simple spatial correspondence which has been used here. 
‘As stated so far, the repetition effect predicts two outcomes :— 
(a) When the subject expects an alternation, and this expectation is confirmed, 
the RT will be longer with a short time-lag than when sufficient time is 


available to prepare. 
(b) When he expects a repetition, and this expectation is confirmed, the RT 
may or may not be longer with a short time-lag—depending on whether 
one assumes that after a choice the subject is completely prepared for a 
repetition or that some preparatory adjustments must still be done—but it 
will be shorter than the RT to an anticipated alternation, with the same 


N short time-lag. 
, This is in fact not enough to predict all the observed RTs. To achieve a detailed 


quantitative prediction, assumptions must still be made about the following points:— 
(i) What happens when the expectation is unfulfilled? The problem is to know 
whether preparation is a completely reversible process, i.e. whether the loss 

of time caused by an unconfirmed anticipation is equal to the time which 


| would have been gained, had the anticipation been confirmed. 


(2) What is the relationship between insufficiency of time to prepare and sub- 
sequent increase in RT? If, e.g. 100 millisec. more had been necessary to 


prepare completely, i5 RT roo millisec. longer? : 
" bject expect each signal? 


s does a su. 
t by Lansing, Schwartz and Lindsley (1959) 
d does not produce an equal 


d su le RT, curtailing the foreperio! t ; 
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ts frequency of 


~ 
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show, in a new form, the relationship between RT to new and to repeated signals, 
which has already been commented upon. But their main interest lies in the serial 
effects which now appear. Under the REP condition, RT still decreases beyond the 
first repetition. In both groups, NTL and TL, the reduction between first and third 
repetitions is significant at the 0-02 level using the sign test. In both groups too, 
it then increases again (increase between third and mean of fifth and sixth significant 
at 0-08). This is probably due to some expectancy phenomenon like the “negative 
recency effect" described by Jarvik (1951). The most puzzling fact is probably the 
very important decrease observed in condition ALT, for group NTL (not for group 
TL) on the second repetition (p < 0:08). It seems that the sudden occurrence of a 
repetition has a very marked disruptive effect under that condition. To go one step 
further, we classified RTs to repeated signals according to the number of alternations 
preceding it. We obtained a mean of 0:305 sec. after one alternation, and then, 


0:320, 0:337, 0:318, 0-318 and 0-322 sec. for two and more, A repeated signal causes 
a disruption only when it comes after two alternations at least. 


,RT Group NTL RT Group TL 


250 


0 +I +2 43 X44 45 46 0 +! 42 43 +4 +5 +46 
Rank Rank 
FIGURE 2 


RT as a function of rank in a run of repetitions. À 
Abcissa: rank order (o = alternation: +1 = rst repetition; +2 = 2nd repetition, etc.). 
Ordinate: mean of r2 individual median RTs (in millisec.). 


In Figure 3 RTs have been plotted as a function of their rank in a run of alterna- 
tions, ie. to the number of alternations which occurred since the last repetition. 
Under condition ALT, RTs continue to decrease after the first alternation, in both 
groups. This is exactly parallel to what was observed for condition REP in Figure 2. 
The set to alternate (or to repeat) is more completely built up when a first alternation 
(or repetition) has already occurred. For condition REP, group NTL, the slight 
reduction of RT on the second alternation is non-significant. 

There is thus good evidence that our results cannot be explained completely by 
a consideration of interactions between adjacent cycles only. But these play on the 
whole the main ‘Tole in determining these results, and in the RAND condition 

particularly, the influence of higher order interactions seems to be negligible. 
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CONCLUSIONS 


/ (1) The effect of sequential redundancy on serial response rate depends on the 
timing of signals. When a short time only is available for preparation, a higher 
aed is attained when the redundancy results from frequent repetitions than from 
requent alternations. When that time is increased by increasing the duration of the 
time-lag between end of response and onset of next signal, the asymmetry tends to 
disappear. It is not possible for the time being to state the exact limen value, but 
it seems to be shorter than 1/2 sec. for the task which has been used. TE ; 
(2) The phenomenon is probably due to a residual effect of choice facilitating 
repetitions, which we propose to call “repetition effect." This effect can be studied 


in a simpler way in non-biassed series, where it manifests itself under the form of 
shorter RTs to repeated than to non-repeated signals. 
FIGURE 3 
RT Group NTL RT Group TL 
ome 
| 350 350 
300 300. 
Te ALT 
2-29--eALT 
250 250 
0 4142 +3 44 45 46 O qi ct MUS 
Rank Rank 
ganont +2 = 2nd alternation.). 


RT as a function of rank in a run of alter "UM 
Abcissa: rank order (o = repetition; +1 = Ist alternation; 

Ordinate: mean of 12 individual median RTs (in millisec.). 

effect, which is a first-order interaction between cycles, 
tions also play some role—a lesser one however—in 
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SHORTER ARTICLES AND NOTES 


ON THE RECALL OF STIMULI PRESENTED ALTERNATELY 
TO TWO SENSE-ORGANS 


BY 
D. E. BROADBENT and MARGARET GREGORY 
From the Applied Psychology Unit of the Medical Research Council, Cambridge 


Recently Moray established that digits presented alternately to the two ears could 
readily be recalled in the actual order of arrival, a result which appears to show that the 


Switching time of attention between the ears is very rapid. In the present experiments 
it was found that, for this type of stimulation, recall was not significantly different whether 
ere to be recalled ear-by-ear or in the 


the listener knew in advance or not if the digits w tl 
actual order of arrival. It was also shown that Moray's result does not apply to digits 


presented alternately to eye and ear. 3 
These results are interpreted as showing that attention can select the general class of 
auditory stimuli rather than the particular class of stimuli on one ear: sO that the apparent 
conclusion about switching time is not in fact correct. 


INTRODUCTION 
vas shown by Broadbent (1954) that if spoken digits were 
presented in simultaneous pairs, one digit to each ear, and if several pairs followed 
each other in rapid succession, the listener had difficulty in recalling the digits pair 


b i ferred to recall all those on one ear first and then all those 
"No a t ] between successive pairs was increased, the listener 


on the other. If the interva : 
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m : ] by which the in- 
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ree pes Any attempted explanation of the result must have these general 
ceres recall is possible when presentation rate is 


The second result (that pair-by-pair m plansible one which has been sup- 
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EXPERIMENT I. THE EFFECT OF PREPARATORY SET 


If it were indeed true that switching time is extremely short, it would be necessary 
to find some reason for the superiority of ear-by-ear recall in the original experiment 
of Broadbent (1954): and for that matter in the repetition of that experiment by 
Moray (1960). A reason suggested by Moray is that simultaneously presented 
digits tend to interfere and that to avoid this they may be passed to two separate 
stores as soon as they arrive. If this is done the process of recall is then store-by- 
store, and thus it is easier to recall all the digits from one ear first. When the digits 
are presented in rapid alternation however, the tendency for them to interfere with 
each other is absent. In this latter case the information can all presumably enter 
one store on arrival: it can then be reproduced in the actual order of its arrival. 

Now such a theory places great emphasis on the strategy adopted by the listener 

at the time when the digits arrive. It would therefore follow that a listener who 
received a stream of digits presented alternately to either ear, and who did not know 
in advance whether he was to recall them ear-by-ear or in the actual order of arrival, 
would find himself in difficulties. If he stored the information from the two ears 
separately he would do well at reproducing ear-by-éar: but if after the digits had 
arrived he was instructed to reproduce them in actual order of arrival, he would have 
difficulties similar to those met by a person who is asked to recall a long number in 
reverse order. Conversely, if he stored the digits in the actual order of arrival, it 
would be hard to reproduce them ear-by-ear. As an alternative to Moray’s sugges- 
tion, we might suppose that the actual process of inserting information into store is 
the same, whatever the recall order is to be. The different recall orders would then 
affect only the process of extraction from store, and an instruction about recall order 
arriving after the stimuli would be just as effective as one coming earlier. 

If therefore the success of Moray's subjects depends upon the adoption of a special 
strategy at the time when the sounds arrive, it ought to be possible to show a drop in 
the efficiency of recall when the listeners do not know the order of recall before they 
are presented with the sounds. An experiment was devised to test this possibility. 


Procedure 


Twenty lists each of six digits were recorded on a twin-track Ferrograph tape recorder, 
and presented to listeners through a split head-set (S. G. Brown, Type D1). In each 
list the first, third, and fifth digit were heard by the right ear, and the other digits were 
heard by the left ear during the corresponding silent intervals between digits on the right 
ear. It was found impossible to produce tapes of satisfactory quality at the rate used by 
Moray, and the rate actually used was one in which each channel contained only one 
digit, and the silence after it, per second. This is nevertheless a faster rate than that at 
which the subjects used by Broadbent (1954) could alternate recall between the ears. 

For each list the listener received two instructions. One instruction specified whether 
he was to write down the list on the right or on the left of a pencil line drawn down the 
middle of his answer sheet. The second instruction told him whether to recall the digits 
in the actual order of arrival (that is, alternately from each ear) or else ear-by-ear. In 
the pre-condition, the order of recall was laid down before the list arrived, and the place 
to write the answer was prescribed after presentation occurred. In the post-condition 
the place of writing was laid down in advance, and the recall order after presentation. 
The instructions were given by the experimenter pointing to the right or the left side 
of the writing paper, and to a symbol representing recall order. (The instruction regarding 
place of writing merely served the purpose of controlling for distraction or delay due to 
the interpolation of an instruction before recall. This precaution is due to Brown (1960).) 

Ten subjects were used, all members of the staff of A.P.R.U. Half of them received 
the pre-condition for their first ten lists, and the post-condition for the remaining ten. 
The other half received the two conditions in the opposite order. There was a break 
between conditions in order to explain the fresh requirements. 
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Results 

pate proportion of lists recalled correctly can be seen in Table I. It is obviou 

E ees recall in alternating order is no harder than ear-by-ear recall This 

ata Moray’s results. Secondly, the pre-condition and post-condition give almost 
ical results. Of the ten subjects, five gave the same score under both conditions 


aad ax ies under the post-condition, and only three do better in the pre-condition. 
a m atter were in the group who received the pre-condition second and were 
erefore more practised by the time they performed it. The difference between 
Bons is thus completely insignificant, the critical ratio for a test based on tau 

eing less than one. (All subjects in fact succeeded in recalling some of the lists 
perfectly: two other subjects who were unable to recall any have been discarded since 


the equality of their performance under the two conditions means nothing.) 


TABLE I 


Proportion oF Lists CORRECTLY RECALLED UNDER Various CONDITIONS 


Recall order known only after 


Recall order known in 
advance stimulation 
_ ies | eS IA 0 
Ear-by-ear Recall in actual Ear-by-ear Recall in actual 
vecall order of arrival recall order of arrival 
[oy o» | ee 
8 0:38 o:28 0:28 


rpret absence of a significant difference, we 
(1957). He performed a similar experiment 


In which the two possible orders of recall were “all digits on right ear first" or “all 
digits on left ear first.” The accuracy of recall was twice as great in the pre-condition 
as it was in the post-condition, at the level of practice used in the present research. 

his may be taken as some measure of the size of effect which occurs when recall 
order is indeed dependent upon the strategy adopted during presentation. Thus the 


Present results are somewhat disappointing. M i 

It should be added that jf we take the number of individual digits recalled 
correctly, rather than the number of complete lists, there is a larger but still insignifi- 
cant advantage for the pre-condition. the critical ratio is 1:44 aS opposed 
to 1-96 for significance at the 0°05 level. It is, however, conceivable that a larger 
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switching need occur when signals arrive at the two ears alternately. In ordinary 
language it is possible that a man should listen, not to one ear while ignoring the 
other, but to both ears simultaneously while rejecting information from the other 
senses. Indeed this is what we usually do, since the ears normally work together 
and not in opposition. In formal terms, Broadbent (1958, p. 297) has defined his 
filter as a selective operation, "taking the form of selecting information from all 
sensory events having some feature in common.” There is no reason to suppose 
that this common feature need be that of arriving by the right ear: it could equally 
be that of arriving by ear as opposed to eye or skin senses. Filtering on such a basis 
would be harmful if one stream of information were arriving at one ear and a different 
stream simultaneously at the other: since this would involve the entry of too much 
information into the P system of limited capacity. (See the first paragraph of the 
Introduction.) But filtering on this basis would be advantageous if the stimuli 
arrived alternately, since there would be no need to change the basis on which the 
filter was selecting and thus the time taken for such changes would be eliminated. 
If such an explanation were true, it might be difficult to repeat Moray’s result 
with a pair of sense-organs, less closely linked than the two ears are. In everyday 
life we often select events at "the ears" rather than “on one ear." But it is less 
common to use the eye and ear in strict simultaneity. Thus it might be difficult to 
set the filter to receive "events at the ear or eye no matter which.” If so, then it 
would be necessary to switch the filter from eye to ear or back again between each 
stimulus, and recall of information in the actual order of arrival would be difficult. 
On the other hand, if switching time were really irrelevant to the difficulty found 
by Broadbent (1954) in pair-by-pair recall, then it should surely be as easy to deal 
with stimuli presented alternately to ear and eye as it is with stimuli alternately to 
the two ears. Accordingly Experiment 2 was designed to study this possibility. 


Procedure 


Lists of spoken digits were recorded on B.A.S.F. editing tape whose backing will take 
pencil marks. (This technique also is due to Dr. J. Brown.) Three recorded digits formed 
each list and the interval between the beginning of one digit and that of the next was 
Isec. A paper screen was fixed to the Ferrograph playback recorder, so that the tape 
passing from the head to the receiving spool was visible for about 1j in.: that is, for half 
a second's running time. In addition to the auditory digits, visual ones were written on 
the back of the tape in such position that each became visible after the previous auditory 
digit had finished sounding; and the visual digit had passed completely behind the screen 
again before the next auditory digit occurred. Thus in each list the actual order of stimu- 
lation of the sense-organs was auditory, visual, auditory, visual, auditory, visual. 

Two experimental conditions were used, differing only in the order in which subjects 
were asked to recall the lists of digits. In the alternate condition, subjects were told to 
write down in each list all six digits in the actual order of arrival. In the ear-eye condition, 
the three auditory digits were to be written down first and the three visual digits second. 
In each condition, the required order of recall was first explained and then two practice 
lists were given to let the subjects become familiar with the appearance of the visual 
digits and to ensure that the instructions about recall order were understood. Ten 
Successive lists were then presented for response. 

Twelve Subjects, all Naval ratings, took part: half of them received the alternate 
condition first, and half the ear-eye. 


Results . d 


The proportion of lists correctly recalled was 0:59 in the ear-eye condition and 
0:36 in the alternate condition. Eleven subjects did better in the former case, so 
that p < o-or by sign test. Tt is therefore clear that alternation is difficult between 
the ear and eye, although possible between one ear and the other. 
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DISCUSSION 


pic may now turn to a consideration of the extent to which the results of Moray 
(1960) and of the present paper require changes in the conclusions of Broadbent 
(1958). Moray makes a series of points which may be summarized without comment 


as follows, their validity being examined subsequently :— 


(t) In his results, slow presentation rate normally gave better performance than 


fast rate did: thus the improvement in pair-by-pair recall as rate was slowed 
(Broadbent, 1954) need not be due to switching time, but rather to a simple 
effect of rate upon recall. 

(2) The time taken to perceive one digit i 
nizable even if the initial part only of the word (less than 100 millisec.) is 
heard. It may well be less than 250 millisec., because it is possible to carry 
out an ordinary digit span with a presentation rate of 4 digits/sec. For this 

reason it is thought incorrect to regard (as Broadbent does) the possibility 

of pair-by-pair recall, when digits are presented at I1} sec./digit/ear, as 
indicating that rj sec. is the minimum time for two perceptions and two 
switching times. This would mean switching times of over half-a-second 


each, which are absurd. 
(3) Itisin any case difficult to measure switching time because of the possibility 
that the listener may avoid switching by selecting both channels at once. 
It is also possible, as an alternative to Broadbent's model, to suppose that 
both sets of digits are passed simultaneously through the filter to separate 
stores and that they are then reproduced store-by-store. 
The first three points he regards as showing that mutual interference, rather than 
rate, explains the inefficiency of listeners in dealing with simultaneous digits: and 
also as casting doubt on the existence of a short-term store peripheral to the filter. 


(4) He then reports an € 
by Broadbent (1954), 
results only for pair- 
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that the first digit on the second ear is not the worst re = 
if it has been in store longest. These data also are 1n 
doubt on the existence of a store before the filter. 
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time is used in switching between channels, and no other explanation has yet been 
produced.* 


(2) Itis not true to argue that, because a sou! 
tion only takes that time. In the case of vision, it has long been reco; 
minimum duration of the tachistoscopic exposure 


At the same time, 
determined until perception time is known, 


that a different metho 
opposed to alternately, Experiment r 


1957) and some experi- 
ments carried out to test it. The conclusion was that listeners can indeed delay the 
transfer of information from the simultaneous to the successi 

that this i i 
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E ons SEE He had a tendency to listen first of all to digits on the wrong 
, ) switch to the correct ear, and then in reproduction to invert the order of 
oan E view was supported by a significant change in the order of difficulty of 
N oa igits in the list. As a result Broadbent concluded that it was not possible 
a n any valid information from a slowing-down of the rate of presentation of 

Sits presented simultaneously for ear-by-ear recall. This conclusion: naturally 
applies to Moray's experiment: it is highly probable that his subjects were not listening 
to the digits in the order required by the instructions, and this view is supported by 
the order of difficulty of different digits in the list. Thus the good performance which 
he found at slow presentation rates does not imply that the temporary store does not 
decay rapidly. 

.(5) The frequent occurrence of transpositions between the ears also provides 
€vidence that the instructions had failed to control the filtering of information by the 
listeners. Such transpositions naturally tend to occur if the listener selects the 
first digit from one ear and the last two from the other, and then retrieves the 
Temaining digits from store. 

. Itcan be seen from a survey of these points that Moray's evidence is in some cases 
Inconclusive and that in the remainder his suggestions agree with those put forward 
earlier by Broadbent, with some differences of nomenclature. It is common ground, 
that, When digits are presented simultaneously to the two ears, they are stored 
Simultaneously in different places and then those at one ear are selected before any 
of those on the other ear. When digits are presented alternately, it would seem that 
the process of selection can be either of the same type or of a type in which both 
ears are selected at the same time. Thus the digits can be recalled equally well 
either ear-by-ear or in the actual order of arrival. The latter strategy 1s not usable 
When digits are presented simultaneously, because of what Moray calls "interference 

and Broadbent refers to as “the limited capacity of the P-system. Nor can it be 
used when the two sensory channels are the eye and the ear rather than the at an 

eft ears (Experiment 2). Presumably this is because the selection mechanism 


(“filter” to Broadbent but not apparently to Moray) cannot select both senses at 
Once whereas it can select both ears at once. r : 

Moray's results do not therefore require any abandonment of views pues 
held: but they add something to our knowledge of the physical characteristics wW Beh 
can be used by attention as a basis for its selection of some sensations as oppose to 
others, 

Many of the ideas here presented arise from conversations with N. Moray and J. Brown, 
although they may have deteriorated in transmission. 
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A NOTE ON BROADBENT AND GREGORYS PAPER 
“ON THE RECALL OF STIMULI PRESENTED 
SIMULTANEOUSLY TO TWO SENSE ORGANS” 


BY 
NEVILLE MORAY 
From the Department of Psychology, The University of Sheffield 


My thanks are due to the Editor for allowing me a chance to comment on Mr. 
Broadbent’s paper. I would like to make four points. 


x. The effect of vate of presentation 


On the matter of the estimation of the ''perception time," I would still maintain that 
if in a “conventional” (single-channel) immediate memory span experiment a person is 
capable of taking in signals at the rate of 4 per sec., then the time for the perception of 
a digit must be very much less than the 1 sec. which Broadbent originally gave as his 
estimate. Without further developing this idea, I do not think that his arguments about 
a sampling time during which more than one signal may be accepted throws any light on 
the problem, although it certainly opens up interesting lines of thought. If we are faced 
now with a situation where we could make the subject receive 2, 3 or 4 signals as a single 
input if they were of short enough duration, it would seem that we should completely 
re-interpret the model using this sampling time as the unit of temporal measurement rather 
than using seconds: for the estimates of the effects of rate of decay, etc., must now be made 
with respect to the durations of sampling times, not with relation to the times of onset 
and ending of the individual signals. 


2. Rate of presentation and vate of decay of signals 


for a differenc qm 
such as that ur organization of the two senses. 


A REPLY TO BROADBENT AND GREGORY III 


4. Interpretation of Broadbent's model 

On the basis of various discussions, I would now align myself more nearly with Broad- 
bent's position. The experiments he reports above I would accept as invalidating my 
Suggestions to which they refer. I think that I could accommodate them without too 
much post hoc’’-ing; but it seems more important to point to the features of Broadbent’s 
description of his model which first were responsible for my experiments and criticisms. 


Firstly (Moray, 19600) I still feel that there is a logical looseness in trying to argue from 
t to the strategy which the subject 


the mode of presentation of stimuli as we do it at presen’ 

must be adopting. More important, I feel that there is a considerable ambiguity in 

Broadbent's original (1958) presentation of his model. The impression given is that the 

short-term store (S-system) prior to the filter is distinct from the store which handles 
y span experiment. The 


material in a conventional, single-channel, immediate memor 
fa circuit including the P-system : feedback : S-system : 


filter: P-system, and the S-system is really only needed to deal with a situation where 
f input plus feedback the P-system 

becomes overloaded. If the fact part of the memory system used in 
conventional immediate memory span experiments then my objections as to its redundancy 
would in part be met; although I would still be suspicious of the storage for a time of the 
order of a second or more of material previous to a perceptual system. Recent work by 
Averbach and Sperling (1960) for example cannot be used to support the idea since his 
effects seem more closely related to after-images than to storage 1n the usual sense of the 
term. Perhaps the time sampling suggested by Broadbent would cover the point, in 

- Which case is it assumed that the S-system functions as a sort of collecting box for the 


time-sample ? 

On the difference in the use of the word “filter” between Broadbent and myself, the 
following distinction seems clear. I used it more in the sense of a mechanism which 
re-directed incoming signals along different paths within the system, and did not merely 
block certain paths, whereas Broadbent restricts his use of it more exactly to the latter. 


REFERENCES aer 
AvzERBACH, E., and SPERLING, G. (1960). Short term storage of information in vision. 
doi Information Theory. 
London. 


4th London Symposium on : Ms 
Broapsenr, D. E (058) Perception and Communication. 


D M. (1956). 

ERNANDEZ-PEON, R., SCHERRER, © =. and JoUVET, 

activity in cochlear nucleus during attention" 1n unanaes 
Mr Unpublished D.Phil. thesis for 


oray, N. (19604). Studies 
M. University of Oxford. p 
ORAY, N. (1960b). Broadbent's Filter Th 
time. Quart. J. exp. Psychol., 12 214-20- 


Modification of electrical 
thetized cats. Science, 


of Selective Listening. 


eory: Postulate H and the problem of switching 


112 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


PARTIAL REINFORCEMENT IN THE TURTLE 


BY 
ROCHELLE M. ESKIN and M. E. BITTERMAN 
From the Department of Psychology, Bryn Mawr College 


Two matched groups of young turtles, Pseudemys scripta elegans, were trained in 


a simple runway, one with partial and the other with consistent reinforcement, following 
which both were extinguished. The two groups did not differ significantly in resistance 
to extinction. This finding constitutes further evidence against the hypothesis that the 
paradoxical effect of partial reinforcement which is found in higher animals is a perfectly 
general one, to be understood in terms of the simplest principles of learning. 


INTRODUCTION 

Recent work with the fish h 
reinforcement on resistance to ex: 
other mammals. In a series 


spaced practice, and with high or with low drive ( 
Longo and Bitterman, 1960; Wodinsky and Bitte: 
classical conditioning, the resistance to extincti 


such as stimulus-generalization (Sheffield, 1949) or 
k, 1954), implying that the paradoxical effect is a perfectly 


Nowing very ]; 
to work with 


à 


PARTIAL REINFORCEMENT IN THE TURTLE IIS 


asa interval is 1 day (Longo and Bitterman, 1960), as it does when practice is 
t r METHOD 

The subjects were 24 young "sliders," between 5 and 6 months old, obtained from 
alocaldealer. Pairs of animals were kept in standard 2-gal. aquariums, which were 
arranged to provide facilities both for basking and for swimming. The subjects 
used were selected from a somewhat larger group (of about 30 animals) on the basis 
of their superior adjustment to laboratory conditions as indicated by general health 
and appetite. 
_ The experimental apparatus was a straight alley, 2in. wide and 18:5 in. long 
(inside dimensions), made of clear Lin. plastic. The floor of the alley was level for 


à distance of 15 in. from the starting end, after which it sloped downward at an angle 
of about 20°; the depression was filled with water to provide a feeding place. A 
guillotine door, which the experimenter controlled by manipulating a light thread, 

f the runway and could be lowered to 


was situated 12 in. from the starting end o: 
t had been entered. Pivoted above the 


prevent retracing from the feeding area once i 
water-filled depression at the far end of the runway was a thimble which contained 


the reward (dried “ant eggs"). By manipulating another thread, the experimenter 
could drop the reward into the water after the guillotine door had been lowered behind 
the animal. The purpose of this arrangement was, of course, to rule out the possi- 
bility that the response of the animal on any trial would be influenced by cues arising 
from the presence or absence of reward. The two long walls of the apparatus and 
the short wall at the starting end were painted light gray (exterior surfaces only), 
while the short wall at the goal-end remained clear to enhance the opportunity of the 
animal for orientation within the runway. The floor was black. s 5 : 
After several weeks of adjustment to life in the laboratory, during which time a 
24-hr. feeding cycle with a diet of “ant eggs” and ground beef was instituted and the 


animal to handling, training in the runway was begun. Each animal 
dre do ; nk, it was put down at the start 


Was giv i day. Taken from its living ta 
EM ec NE When the animal reached the feeding 
depressi vas stopped, as lowered, and the reward 
ranen the wata ea inti After eating the reward, which required 


returned to its living tank. 
i ich last 20 days, every response was 


I t, whic 1 
n the first stage of the experimen! t ; LEGERE ME 
The two groups were treated 


differently i tage, which lasted 56 days. 
(RU e prd jal as before. A second grou 


Group—was rewarded on every tr í 
SP i j d and unreinf 
was rewarded only on half the trials, reinforce 0 
ao other in SUE sequence (Galen 7059). th Dvd MR a 
rials was exactly the same as 0n reinforced trials © o pM 


deliver; ; imal simply was 
elivering no food when tilted, and the anim ve xii inthe Partial Group Wo 


for a 5 i 
Ora period of 30 sec. On unrem : A ich followed the experi 
i As e a . dings which fo e experimental 
8iven 5 additional “eggs” duns the Cary ake of the two groups thus remained the 


eque on all trials being Eds 
lal Group during the secon stage- 

&oal- 5 Ens m the a aratus an! : 
A AUI m 5 min., it was RE . The third stage of the experiment began 
on Day "m and Yee etl Day x13, Whereupon the work was concluded. 
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RESULTS 


i <periment are plotted in terms 
re 1, the results for the first stage of the experimen 
f inis time per trial. The performance of the two groups was very much the 
e e, which is not surprising because the groups were treated alike and were in fact 
itched on the basis of that performance. The learning curves, which resemble 
those obtained routinely with rats in analogous situations, seem quite close to 
asymptote by Day 20. 


FIGURE 1 
257 
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Mean log seconds 
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Day 


The course of learning in the first stage of the experiment. 


In the second stage of the experiment, the two curves separate, that for the 
Consistent Group remaining at the level achieved in the first stage, and that for the 
Partial Group tending to rise to a slightly higher level. The mean time per trial for 


all days of the second stage combined was 1:54 log sec. for the Consistent Group and 
1-69 log sec. for the Partial Group. Tested by a non-parametric method for paired 
replicates (Wilcoxon, 1949), the difference falls considerably short of statistical 
Significance, 

Extinction curves plotted in terms of mean log time per trial are Shown in Figure 2- 


Bain in extinction the performance of the two groups was very much the same. 


The mean time per trial for all extinction days combined was 1:93 log sec. for the 
Consistent Group a P. Tested by Wilcoxon’s 


nd 1-89 log sec. for the Partial Grou: 
method, the differen, 
of resistance to exti 


Ld 


C—— |... 
^7 — 
| ——— 8o ——— —— Le — nA" 


Ld 
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DISCUSSION 

to argue from a nulloutcome. Where, as in our earlier 
resistance to extinction is found to be greater 
after consistent than after partial reinforcement, one can speak with some confidence 
of a functional difference between the new animal and the rat, but a null outcome 
may stem simply from unreliability of measurement. The possibility remains that 
an improved technique might revealan effect like that found in the rat. It should be 
noted, however, that the technique used here for the turtle was adequate to produce 
highly reliable acquisition and extinction functions. Furthermore, the paradoxical 
effect found in the rat is such a striking one that an experiment which was crude 
indeed*would be required to 


mask it, and there is little reason to assume that the 
present experiment was so crude. 


It is dangerous, of course, 
work with the African mouthbreeder, 


FIGURE 2 
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he third stage of the experiment. 


The course of extinction in t 

i ingle experiment. Further work 
te i ios Ived PY a different patterns and probabilities 
peu ch as that which has been done with rat and 
terspécilie comparison, these experiments might 
ince the possibility exists that the paradoxical 
in the life of the animal. From 
ake systematic com- 


Nevertheless, the issu 
on the turtle under a varie 2 
of reinforcement is required WF 
fish. From the point of view of in 
only later 
effect depends on processes which pie i o Sunt o mà 


the developmental point of view, i 

parisons of younger and older specimens. 

Thi h upported by the Office of Naval Research under terms of Contract 
is research was S 
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VISUAL DISCRIMINATION BY RATS: A NEW APPARATUS II7 


VISUAL DISCRIMINATION OF HORIZONTAL AND 


VERTICAL RECTANGLES BY RATS ON A NEW 
DISCRIMINATION TRAINING APPARATUS 


BY 
N. S. SUTHERLAND 
From the Institute of Experimental Psychology, Oxford 


A new visual shape discrimination apparatus for use with rats is described. Rats 
sing stereometric shapes, and the reward 


was milk which was delivered through the middle of the shapes. Animals were trained 


to discriminate vertical and horizonta 
they took as many trials to learn as on a 


apparatus than in a Lashley jumping stand. 
indicated that: (1) although the bottom halves 
than the top halves, animals had learned something 

animals transferred to discontinuo: transferred better to larger shapes 
than to smaller; (4) they had learned b he positive shape, and to avoid 
the negative shape. 


ning in monkeys indicates that to 


Recent evidence on visual discrimination trai 
obtain rapid learning’ the following three conditions should be satisfied: (x) reward 


and the object to be discriminated should be spatially contiguous; (2) the discrimina- 


to the object to be discriminated (McLearn and Harlow, 
CAS ramen ae teas scriminanda should be stereometric 


1954; Murphy and Miller, 1955, 1958); (3) the di oul : 
(Éarlow SEA rgsa; Weinstein, 1941). These three principles were applied 
in an attempt to develop an improved apparatus for visual discrimination training in 
rats, 

APPARATUS 
are shown in Figure T. Walls were made of 
ratus was of wire mesh, except for 
ated from the remainder of the 


t out of Pin. white perspex; 


Scale plans of the discrimination box 
i black. The floor of the appa 


the two gri hich were brass bars insul 
o grids (G1 and G2) which we e Pe (S) were eu 


box. The sha d 

j pes use DH NA ] by means of magnets fixed to 

ihe r wall which was of steel by 

the back. wie d this : d po of M crum E tin. 
illed i : / ked X: a drin rotrade 

Ree Ms wad epee onding holes cut in the centre of each 


through each hole, and emerged 
l : i d the shape, and were set at an angle 
RIED ande projected DE Motion of air bubbles in the tube. The 


of about o* i to prevent th 3 
cap om SP un ad mda 
&rids were wi that when a Ta , 

throwing a Dt expetiit could set the bell ded DM E o 
the left-hand grid or to sou i on the Dg nb on S s XS ied 
Sliding glass door (D) was in iti it from rr ing box ( y i v 
Starting box had a hinged transparent perspex lid. AM s did not pu 
“Scape from the discrimination chamber there was no need for a lid to that. f e 
Apparatus was Sussisdted by a 60 watt bulb suspended 24 in. above the starting box. 
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FIGURE 1 


uo 


Scale drawings of ground plan and frontal elevation of apparatus. The dashed line in 
the frontal elevation represents the start box. 


TRAINING 


aws in the initial training apparatus. The initial discrimination box had a similar rear 
wall to that shown in Figure 1, though overall dimensions were smaller. It had no grids; 
no bell and no start chamber and the walls were of wire mesh not sheet metal. Rats 
Were first left in the box for an hour in groups of two with the positive sha; 


The shape was moved from one side to the other every 
to drink milk from th 


commenced. Rats y i i 


When a rat made a correct choice, it was allowed 9 sec. drinking 
There was milk in the tubes 


shapes. The position of the shapes was changed from trial to trial following Gellerman 
type sequences (Gellerman, 1933). 


——— a 
; vC —À 
Sa 


VISUAL DISCRIMINATION BY RATS: A NEW APPARATUS IIQ 
Rats had reached an average level of go per cent. correct by the seventh day of training 


(70 trials), and all but two rats had reached a criterion of 19 correct runs in 20 successive 
trials by this time. Thus learning was reasonably fast but no faster than in a Lashley 
jumping stand: a comparable group of rats of the same strain trained by the non-correction 
procedure (Muntz, in preparation) to discriminate a vertical from a horizontal stripe on 
a Lashley jumping stand achieved an average score of 9o per cent. correct after 50 trials. 
In the present experiment, there was no difference in the rates of learning of the group 
trained with vertical positive and that trained with horizontal positive. 

After 12 days' training on the simple apparatus, rats were switched to the more complex 
apparatus shown in Figure 1. This had the following advantages: (1) since when a wrong 
choice was made the bell sounded before the animal reached the shape, recording of a 
mistake was automatic and there was no possibility that rats could learn to choose by 
feeling the shape rather than by vision alone; (2) rats were detained for 5sec. in the 
start chamber before running: it was hoped that this would force them to look at the 
Shapes through the transparent door before running; (3) it was hoped that the bell would 
act as a signal to the rat that it had made a mistake before it reached the negative shape 
and while it could still see the shape as a whole; (4) the bell served as a warning to the 
experimenter to withdraw the rat before it reached the milk in the middle of the negative 
Shape. Usually the rats would stop on hearing the bell, but after becoming used to the 
bell this was not always so. t. of trials on which à wrong choice was 
made rats reached the milk protu ive shape, but were removed before 
they could have received more than a dro: l removal did not disturb the 
animals. (In a later experime e dified so that animals 
received a shock through the mout to drink from the negative shape: 
Tats then quickly learn to stop on hearing the 
- Although the shapes were exactly the same and ony the apparatu 

ats showed no saving in relearning. They achieved an average score, € 
correct responses San after 90 turis on the modified apparatus. This confirms previous 
ndings that rats trained on à visual discrimination revert to chance scores if any drastic 


Change in th atus is made (Fields, 1932). be 
Tt would puer that learning is not faster in terms of trials in this apparatus than on 
à Lashley jumping stand. Des ite this the apparatus does have two advantages: (1) Me 
little pretraining is needed; (2) individual trials take less time: since rats um TEY quid ly 
9n this apparatus, each trial takes about 30 sec. only and this is true from the very sta 
Of trainin; g. ? 


TRANSFER TO OTHER SHAPES 


i z i dings 

me interest to check previous fin r 

tal and vertical shapes in this apparatus. The transfer test shapes used are 306 a 
igure 2. During transfer test trials the bell was switched off and rats were allowe 


to drink for 9 sec. from whichever shape they selected. Transfer test trials were 


i ; et ; «inal shapes. The first pair of shapes 
Dterspersed with retraining trials on the ae = IM he raged 95 per x. 


Shown in Fi iginal training AE 
Figure 2 are the origina 3 

ae Mod on the retraining trials Sus thes Shp, ng i pars of 

i 4 r shapes. £ 

ne from which to measur? teaser um A r of each pair was treated 


Shapes are the transfer shapes " e left-hand ek 

s à vertical and the right-hand member Io AE Figure 2 for a rat trained 

In transfer was a run to the left-hand 

Beth the vertical rectangle positive and to 

With the horizontal rectangle pos 

gr of transfer shapes was COMPU 
esults, There was more transfer to 


ere was good but not complete transfe: 


Wi P + 1 shapes were sm n 
here the elements in the discat ne entation as that A bere 
we 


i i hether 
ji s (test 4) Were included to discover whett 
i ae are more important in discrimination 


on transfer with horizon- 


It was thought of so’ 


d percentage of “correct responses" for each 
Findings are m. line with previous 

large shapes than to smaller shapes (tests 1, 2); 
r to discontinuous shapes (tests 5, 6), even 

all rectangles which in the 


itive, and P 
ted accordingly. 
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than the top halves. If the bottom halves are more important, rats trained to run 
to a vertical shape should choose the lower square, whereas rats trained to run to the 
horizontal shape should choose the upper square. If the top halves are more im- 
portant, choices should be the reverse of this. In fact animals tended to treat the 
lower square as a verticle rectangle and the upper square as a horizontal, though 


FIGURE 2 
RESULTS oF TRANSFER TESTS c 
Shapes No. of trials Per cent 
per rat — "correct" 
responses 
zem] 80 95 
2 oo 10 79 


i 
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The first pair of sha igi 
1 pes represents the original shapes; the remaining si. i those 
used in transfer tests. Shapes are drawn to scale and the dots RRR, the position of 


the milk nozzles. A “correct” res 

ponse was counted as a run to the t wn 

os the left by Tats trained with the vertical positive, and to the i je tr 
y animals trained with horizontal positive. 


transfer Was far from complete. That rats had not lea: iscrimination 
merely in terms of relative height of the lower parts of the Ever m es 
by tests (3) and (5), since in (3) there is only a small difference between the height of 
the lower edge of the Shapes and in (5) there is no difference. 

The results on broken figures confirm Lashley (1938) and the greater importance 
of the lower halves of shapes is in line with the results of Munn (1930) 


he right-hand transfer shape ` 
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TRANSFER TO SINGLE SHAPES 


Animals were also given transfer tests in which one of the original shapes only 
the drinking nozzle alone protruded from the rear 


was displayed: on the other side 
wall. Each rat was given 12 trials with the original positive shape on its own, and 
Animals ran to the positive 


12 trials with the original negative shape on its own. 
shape on 76 per cent. of trials; they selected the opposite side to the negative shape 
on 74 per cent. of trials. This demonstrates that animals had learned almost equally 


to select the positive shape and to avoid the negative shape. Thus they had learned 


to some extent to react separately to the two component stimuli, although the 
possibility of some configurational learning having occurred cannot be ruled out. 
Fields (1932) using a Lashley jumping stand found no evidence of transfer when the 


negative shape was presented without t 


__, This research was carried out as part of a project on 
jointly financed by the Nuffield Foundation and the 
(Contract N62558-2453). The writer is grateful to Miss 


help in conducting the experiment. 


he positive shape. 
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LATERALITY AND DIRECTIONAL PREFERENCES IN A 
SIMPLE PERCEPTUAL-MOTOR TASK 
BY 
G. F. REED and A. C. SMITH 
From the University of Manchester and Wakefield Education Committee 


The superiority of tensor or outward movements of hand and arm over flexor or 
inward movements has been described, but no evidence has been found relating to 
directional preferences in simple perceptual-motor tasks. 

One hundred children, aged 9 to 13, 50 being right-handed writers and 50 left-handed 
writers, were tested on a stroke-making task, using both preferred and non-preferred 
hands. 75 per cent. of them exhibited a preference for outward movements of both hands, 
a finding which applied equally to both handedness groups. Thus an explanation based 
on writing habits is discounted. 


INTRODUCTION 


It is generally accepted that tensor movements outwards from the body are 
superior to flexor or inward movements. The former have been described by several 
authorities as being smoother, more rapid, more accurate and less fatiguing (Bartlett 
(1957), Brown et al. (1948), Downey (1932). Now it might well be suggested that 
this could be düe not to neuro-muscular or central characteristics but to training and 
usage associated with left to right handwriting, This directional tendency might be 
transferred to other motor tasks as far as the right-hander's preferred hand is con- 
cerned, whilst his left hand might "mirror" the movement of the dominant one 
(cf. Van Riper (1935). If this were so the subject who consistently writes with his 
left hand might be expected to display superiority of inward or flexor movements. 

It may be Presumed that the directions of movement preferred by subjects in the 
performance of simple tasks will be those which are more efficient and less tiring, 
but there is a lack of direct experimental evidence in support of this, Relevant 
data for the perceptually complex task of pursuit tracking have been presented by 
Grant and Kaestner (1955), with results which, at first sight, appear to contradict 
this presumption that preferred movements are in the outward direction. However, 
A ay E d movements does in fact exist it seems reasonable to assume 

atit will be modifiable by the perce i i 
Pe be y perceptual and manipulative components of any 

The present study is aimed at finding whether subjects do in practice display 
any consistency of directional preference in a task requiring a minimum of perceptual 
E NN and at determining whether this applies to both right- and left-handed 

METHOD 
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»ubjects. Fifty chil who wr vi ir ri a vi 
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Baral (dite order Dent ween two vertical lines 8 mm. apart. This was done with each 

an 8 randomized between subjects) for 45 sec. The task was presented 
as a speed test, no mention of stroke direction being made. In order to introduce E 


by the writers as part of a wider investigation 
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d and thus encouraging spontaneity of movement) 


competitive element (again stressing spee 
They were, however, seated at 2 yd. intervals, 


children were tested in small groups. 
and carefully supervised, to preclude imitation. 

Preferences were established by direct observati 
were made. 


on of the directions in which strokes 


RESULTS AND DISCUSSION 
nsistent within each hand performance 


Directional preferences proved to be quite co: 
ry the direction of his strokes to any 


and in this sample no child was observed to va 
appreciable extent. No significant differences were noted between sexes or ages. 


The data are therefore presented in one table. This shows subjects tabulated 
ands. In each pair of arrows the one 


according to the directions preferred by both h 
on the left shows the direction preferred by the left hand, and that on the right shows 


the direction preferred by the right hand. 


TABLE I * 
v DIRECTIONAL PREFERENCES OF BOTH HANDS 


DISTRIBUTION OF SUBJECTS B 
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It will be seen that 
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Non-preferred hands. 75 Pet Ce 
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View that in a simple motor task there 1s 4 general 


In an outward direction. f 
t ft-handed subje! E pues m 
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pothesis relate 
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It is noticeable that the preference for outward movements is shared by both our 
handedness groups, If columns 2, 3 and 4 are pooled x? = 1-33 which is well below 
any acceptable level of significance and thus leaves undisproved the null hypothesis 
that bilateral outward. directional preference is not associated with handedness 
preference. Evidently the directional habits associated with writing skills have not 
carried over into this task as far as the majority of our left-handed writers is con- 
cerned. The motor hypothesis based on writing usage could be sustained only by 
a preponderance of left-handed subjects figuring in column 4. 

The major difference between handedness groups is to be noted in column 2. 
A far greater proportion of the right-handed writers seem to prefer making strokes 
with both hands in a left-to-right direction. If columns I, 3 and 4 are pooled 

X = 4:53 (after application of Yates’ correction for continuity) which is significant 
at the 0-05 level. A possible explanation for the difference in proportion here might 
be made in terms of relative dominance, It has been observed (Hildreth, 1949) 
that the population of right-handers includes more individuals of pronounced lateral 
dominance than does that of left-handers, and it might be that the right-handed 
subjects figuring in column 2 are representatives of such extreme "'one-sidedness." 
It would be anticipated that this dominance would be reflected in greater functional 
differentiation between the hands on test. In this case the actual scores (in numbers 


of Strokes) made by these subjects on our task do not afford confirmation of this 
kind and the problem must remain open for further investigation. 
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Readings in Social Psychology. Edited by E. E. Maccoby, T. M. Newcomb and E. L. 
Hartley. 3rd edition. London. Methuen. 1959. Pp xi + 674. 55s. 

logical Study of Social Issues became worried by the 

y portray the empirical foundation upon 

d a committee which, after considering 

dings should be prepared which should 

ial psychology and of the methods 


i In 1943 the Society for the Psychol 
ack of teaching materials that could "'adequatel 
nich social psychology rests." They appointe! 

e matter, recommended that “a volume of rea 


by + .. representative of the reports of research in soci l 
Y which its conclusions are reached . . . [and] that the interdisciplinary nature of the 
“Newcomb and Hartley" made its bow. 


Seld be stressed." In 1947, the first edition of 1 
1s success was such that in 1952 a second edition appeared. Now we have the third— 
ee editions in 11 years. Speaking as a teacher of social psychology, I am not at all 
Brateful. If you buy it (55s.) and already have the second edition, you are buying a book 
you already half possess—one-third, if you have the first. Every time a new edition 
appears, all the readings are shuffled around and reclassified under newly devised headings. 
lving references to it is a nightmare. " 
he readings, say the editors, are i 
Sefulness'" to the teacher is the criterion they put t 
OR ey determine this. The topics evel however, are 
i Ooks and we m uess they are in fact represen ma 
quterests of pate-estting social psychologists in America today. The editions may there- 
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- Common to all editions are the “classics.” 
Saa uS group decision, Lippitt and Whites: siyo : 
ber i on, 18 of them altogether, f i 1 
status. T erp Ren boss the two editions—the second occupies an intermediate 
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ecome MET A 
re ore quantitative. An 1 
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teachers of social psychology may differ widely in their theoretical approach . . . they 
share the need for reports of sound empirical research which they can offer to their students 
as a foundation for theoretical thinking." But according to their theoretical outlook, 
teachers will differ in the facts they consider important, indeed in the extent to which they 
think just facts important at all. It may be worth considering certain weaknesses these 
selections suggest in the light of this emphasis and the much reduced representation of 
large scale descriptive work. One striking feature is the artificiality of some of the 
situations studied. Something which is easily observed or manipulated is given a socio- 
logical name so as to make the investigation significant. Serial reproduction is called 
rumour; a "group" is often two people, and a “cohesive group," two people who have 
just met to do some task together with the information that the other partner is desirable; 
a most careful study, showing among other things that children rated as leaders influence 
others more frequently both directly and by suggestion, is labelled “The Dynamics of 
Power" and Max Weber referred to. Much more satisfactory are the few investigations 
where advantage was taken of certain naturally occurring or administratively planned 
phenomena, as in Festinger, Riecken and Schachter's interesting study of chiliasm or 
Deutsch and Collins' study of the effects of inter-racial housing policy on race prejudice. 
A second weakness is insufficient precision in some of the terms used. “Role,” a technical 
term, linked as the first edition made clear with the concept of status, has undergone 
contamination from ordinary usage and is now also used to refer to the part anyone may 
choose to play in, say, an informal group trying to solve a problem. Similarly, ‘‘leader- 
ship" includes both those who, within a group of peers, emerge to play a leading part, and 
adults who conduct groups of small boysin carrying out some prescribed task. Contrasting 
with the experimental discipline, there is a lack of discipline in the analysis of terms, in 
"theoretical thinking," a feature which often makes it difficult to compare investigations 
carried out ostensibly on the same problems. 
Finally, one is struck by the great elasticity of the term “social,” as applied to psy- 
chology. Among topics dealt with are language, politics, industrial management, propa- 
ganda, religion, brain-washing, conversation, initiation ceremonies in primitive societies, 
Tumour, class, race prejudice and drug prescription by doctors. They range from micro- 
Scopic, social physics type of investigations, such as those on person-perception to studies 
relating to Marxist class interest theory. I do not think it is just the way these readings 
have been selected that gives the impression of a sort of trigger-happy experimentalism, 
and anyhow the editors bear some responsibility for the image of social psychology they 
Present to each new generation of students. Apart from certain areas where society $ 
needs have led to fairly intensive cultivation, the impression we get is one of tiny sophisti- 
cated colonies of town-dwellers, dots on a wide plain with poor communications between 
CNN they have not thoroughly explored, let alone surveyed, the surrounding 
What one would like best would be a volume of readings with materi en according 
to three principles—detailed material from one area of applied Ree ee reading® 
chosen to illustrate different methods, including those of sociology and social anthropology j 
and a compact body of material, closely integrated in terms of some reasonably articulated 
theory. And non-overlapping supplements every 5 years. But I cannot persuade myself 
that future editions will take any notice of such high demands. Perhaps after all, ons 
Should be more modest and ask only that the readings, please, be consecutively numbered 
and the discrepancies between figure and text on page 23 corrected, 


W. H. N. HoroPF. 


Physiology of the Retina and the Visual Pathway. B G. S. Brindle f the 

j : [ fs aS A hs o 
Physiological Society, No. 6.) exa Edward Arnold (Coupee Ltd. 1960: 

Pp. xi + 298. 358. 

This is indeed a. tightly written book and full of information. i duc. 

; „as 's intro 
E E The references are admirable. Even on those d Kee treat? 

hotoch en handedly the most important references are sure to be found. On 
pu dd uy of the retina, its electrical activity and its interpretation, he provides e 
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adagan oed: The account of lateral inhibition is not really intelligible withou 
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n SA E Confusion which has been introduced by studying the effect of larg“ 
Pe xs ia lon on single units might also have been the subject of critical comme?” 
ore Workers are right that in the cat there are only “on” and “off” receptor? 
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surround simultaneously, then it seems idle to describe the varieties of response to |; 
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Papers ccs the serious reader will be prepared to pursue most topics to the original 

would b ile this is both admirable and salutory, one feels that even research workers 
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Nn of the results of the less successful techniques. 
is by far the most learned, critical and penetrating of the monographs so far issued 
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erebral Dominance and its Relation to Psychological Function. By O. L. Zangwill. 
Edinburgh. Oliver & Boyd. 1960. Pp. vii 4-31. 10S- 6d. 
at the substance of this book was delivered as lectures under 
ust, set up by Mr. William Ramsay Henderson who died 
o be devoted to "the advancement and diffusion of the 
ave come some distance since that date, we are 
the inter-relation of function of the two cerebral hemis- 


Pheres, particularly with respect to language and to laterality. Professor Zangwill has 
nce from cases of unilateral brain injury which indicates that 


als is there a clear dominance of one hemisphere over the 
arying degrees of sinistrality; and their language functions 
d in either hemisphere. 

d dominance may be associated with 
motor control; and that the condition 
Evidence on d by Professor Zangwill 
a clinic for their inability to learn to read normally; 
abili hese cases W: ixed laterality the dis- 
ability was associated with failure © bral dominance ormally. Interest- 

wed an inability to copy simple perspective figures, and 
Zangwill in cases 


of ny in spatial concepts suc E sni trated by Professor 
ry to the pari f the minor hemisphere. Mm 
ass t has also pu "y other psychologists that defects of this kind are often 
in deleted with temperamental instability ; and Professor Zangwill suggests that these 
nir lviduals may be unduly sensitive t ." The reading disability may then be a 
no; tion of these factors as much as of any congenital disposition towards failure in the 
yaaa development of cerebral dominance; nust CO! lude that the condition mos 
HE bie ill-defined and diffuse to justify us in labelling it specific dyslexia," with the im- 
rection that it is a unitary condition, and that lack of cerebral dominance is the most 
quent and fundamental cause of reading disability. There may be evidence of this 
api dition in many clinic cases, and perhaps it is the cause of the most severe and intract- 
Whe reading disability; but om this much further evidence 1s required. Meany while, all 
«are interested in the fascinating problems relating to the language functions of the 
£ Professor Zangwill's. M. D. VERNON: 
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inci Comparative Psychology. Edited by R. H. Waters, D. A. Rethlingshafer 
I EI. re alle London. - McGraw-Hill. 1960. Pp. ix + 453. 62s. net. 


The editors of this introductory textbook have had the ‘‘broad objective . D to create 
a book in comparative psychology rather than in animal psychology," and to “incorporate 
recent findings" in such areas as the effect of early experience, innate behaviour, neuro- 
psychology, behaviour genetics and ethology. Such an elementary text would indeed 
be welcome in view of the fact that Maier and Schneirla’s classic, Principles of Animal 
Psychology js out of date and Thorpe's Learning and Instinct in Animals is perhaps rather 
advanced for the elementary student. However, although the aims of the editors of 
this new book are commendable, their procedure and results leave something to be desired. 
Principles of Comparative Psychology consists of a series of chapters by different authors. 
Not only do the level and accuracy of the different chapters vary considerably, but also 
there is less cohesiveness, more overlap and poorer cross-referencing than one would hope 
for in sucha primer. Furthermore, it seems to me, that this book has largely failed in its 
aims to be "comparative" and to incorporate recent developments in ethology and 
neuropsychology. 

Data and theory are drawn principally from rats, monkeys and men. Ethology is 
still represented by the early and crude "hydraulic" and “neural” models of Lorenz and 
Tinbergen, whereas the recent critical ethological formulations and attempts at a rappro- 
chement with learning theory such as those of W. H. Thorpe and R. A. Hinde are hardly 
mentioned. The dust jacket speaks with apparent pride of “A unique departure from 
recent textbooks in this field . . . the inclusion of a chapter on the problem of classification 
of behaviour in which zoological taxonomy is compared with what will some day become 
behavioural taxonomy." The authors of this chapter consistently confuse causal, 
functional, ontogenetic and phylogenetic classification, misrepresent the views of H. W. 
Nissen, one of the most creative workers in this field, and seem to conclude that zoological 
taxonomy is of little relevance to the student of behaviour. The chapter on innate 
behaviour is described as ‘‘a new look at the old problem." The “new look" turns out 
to be the startling insight that behaviour is a function of heredity, environment and 
previous experience and should be studied as such. Tinbergen's greylag goose and stickle- 
back are mentioned and "'ethological theory" is mildly chastised. In the 22 pages allotted 
to “Behaviour and the Nervous System" the authors only have space to survey, on 4 
fifth form level, the nervous systems of various phyla, to devote two pages to methods of 
analysis and virtually to list the types of behaviour which can be affected by manipulating 
the central nervous system. The omission from this chapter of a description of a single 
experiment and the failure to summarize the progress of analysis in a single area (¢:8; 


hunger, sleep, emotion) seems rather unfortunate. The nervous structures an 
behaviour of Protozoa are ij 


nored in thi: i i f the 
EI g in this chapter as well as in the other portions © 


Indeed the best chapters by far are on the traditional interests of American rat and 
monkey psychology. The chapters on curiosity-investigative motives (R. A. Butler), 
learning (A. H. Riesen), complex processes, i.e. more difficult learning (A. J. Riopelle); 
abnormal behaviour (J. A. Dinsmoor), and genetics (J. L. Fuller) are all written with clarity 
eae acumen and are flavoured with the theoretical orientation of the particula? 

juthor. 


These stimulating essays are highly recommended to both nt and 
research worker in psychology. oth the stude 


/ Although the editors’ ignorance of recent European developments may be under- 
standable, the omission or scant treatment of the important American comparative work, 
puh as that of Beach on sex, Griffin on animal navigation, Dethier and Schneirla on insec 
an RI and Lehrman on the role of hormones, is less so. 

Hm AUS Men vague statements are rather common, e.g. “The locus of drive for the 


probably in the hypothalamus or related neural areas" 104), "Tn 
stincts are released into behaviour under the influence of NE 


hallaxis i à mn i aN act ara i 
ER meee) tohi involving mutual care which is highly developed in mi 


Waters, Rethlingshafer and Caldwell's textbook is a reflection of i i interest 
of Anierican psychologists in animal behaviour per se rather than gré ke 
nm "i T es udy learning or motivation and of their growing interest in the physiologie 

ases aviour. Let us hope that the high standard of American science textbook? 
will soon extend to these areas, as it has to others in psychology. 
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LEARNING 
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H. PHILIP ZEIGLER! and L. B. WYCKOFF, Jr.” 
From the Department of Psychology, University of Wisconsin 


, Àn operant response in the pigeon, whose performance results in exposure to the 
- discriminative stimuli, is described and suggested as an experimental analogue for ''observ- 
ing." Such an operant response is then used to explore the relationship between observing 
responses and discrimination learning in a variety of discrimination situations, of pro- 
EN nncly increasing complexity. In general, the results support the contention that the 
ae opment and maintainence of observing responses is closely related to the degree of 
lifferential behaviour manifested toward the discriminative stimuli. Certain modifica- 
tions are suggested in the theoretical formulation underlying the concept of “observing 


responses,” 


It has been suggested by certain theorists (Kelleher, 1958; Reid, 1953; Wyckoff, 
1952) that discrimination learning may be conceived of as involving two distinct but 
related types of response. The first type includes responses upon which reinforce- 
Ment is directly contingent, such as key pecking, lever pressing, turning right in a 

stinguished 


maze, etc, Such responses May be termed “effective responses" and di 
ile not directly related to reinforcement, are instrumental 


from : 

; responses which, whi | tor i 
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: nt paper the term "observing responses 
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Such approaches have certain drawbacks. When the observing response is 
treated purely as a construct, the actual responses which may be involved are not 
subjected to observation and measurement. If, on the other hand, observing 
responses are equated with some limited and specific set of responses, such as orienta- 
tion behaviour, the other responses involved in observing may be overlooked. Thus, 
the focusing and accommodation responses of the eyes are difficult to record and there 
may be still other internal responses which are even less accessible to measurement. 

An alternative approach has been developed by Wyckoff (1951, 1952). After 
distinguishing between ''effective" and “observing” responses in the discrimination 
situation, he points out that probability of reinforcement on any given trial of a 
problem is not contingent upon making an observing response, but solely upon the 
effective response. On the basis of a theoretical analysis of the problem of observing, 
he proposed the following criteria for an “observing response” :— 

(t) The subject is exposed to the discriminative stimuli if, and only if, the 

observing response is made. 

(2) The observing response need have no effect upon the probability of reinforce- 

ment on any given trial. 


On the basis of these criteria, Wyckoff set up an experimental analogue for observing" 
which involves a measureable operant response. Thus the major advantage of his 
approach is that “observing responses" may be treated as operant responses, amenable 
to observation and measurement. 

Initially, the subject is faced with a set of neutral stimuli (Sn), such as a pair of 
blank response keys. Stepping on-a pedal serves as the observing response (Ro) 
since it results in exposure to the discriminative stimuli (Sy, Sj), e.g. red and green 
lights, The pedal response was chosen because it is easily recorded and is relatively 
independent of the effective response (R) of key pecking. Furthermore, since the 
stimuli are projected on the key and the effective response of key pecking is occurring 
at a high constant rate, one can be reasonably certain that simultaneously making 
the pedal response does expose the subject to the discriminative stimuli. Finally, 
the experimental situation is so arranged that reinforcement (Re) on any given trial 
1s not contingent upon making an observing response but solely upon the effective 
response of key pecking. If the observing response is not made (Ro), the subject 
continues to be exposed to neutral stimuli and the effective response to these stimuli 
1s reinforced on 50 per cent. of the trials. 
rue experimental pardigm used in Wyckoff's experiments (1951) is diagrammed 

low: 


_ FIGURE 1 


Sn 


Ro Sn R 


Wyckoff hypothesized that “ 


à exposure to discriminative stimuli wi rein- 
forcing effect upon the obseryin P! ative stimuli will have a 


g response to the extent that the subject has learne 


sT C^ 9 OU ee A 
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ds cuu ahy to the discriminative stimuli." . This hypothesis, and a number 
Bunt PA Ones: were tested in a discrimination REUS involving the use of the 
the gradual ection B bcd experiments (Wyckoff, 1951) demonstrated that 
discrimiriati roe of observing responses closely parallels the formation of a 
Ei ation. — hat is, under conditions of differential reinforcement of the 

scriminative stimuli the proportion of time on the pedal increases as the discrimi- 
nation is learned, while it decreases and remains low under conditions of non- 
differential reinforcement. Furthermore, when a well established discrimination 
is reversed, the observing response decreases temporarily and then gradually returns 
to a high level as the new discrimination is learned. 

Subsequently, a number of related experiments by Holland (1957), Reid (1953) 
and Kelleher (1958) have provided support for the contention that observing responses 
play an important róle in the acquisition of discriminations. Furthermore, Holland 
(1957) and Kelleher (1958) have also shown that observing responses, like other 
operants, may be developed, maintained, and controlled by the application of 
reinforcement principles. These previous studies have involved only a single pair of 
relatively simple stimuli. However, both Wyckoff (1952) and Reid (1953) have 
envisaged the extension of observing response theory to more complex discrimination 
Situations. In the present study therefore, the relationship between observing 
response: development and discrimination learning is explored in three different 
discrimination situations of progressively increasing complexity. l 

In the first situation, a single simultaneous pattern discrimination is learned to , 
Criterion. It is hypothesized that the level of observing response development will : 
be directly related to the level of discrimination performance. The second situation 
Consists of the presentation of a series of such discriminations, each of which is 
learned to criterion. It is hypothesized that the introduction of each new problem 
Will be accompanied bya temporary decrease in observing responses, but that d 
will eventually tend to attain a stable, relatively high value. Finally, in xd s 
situation, the development of a discrimination learning-set is studied; i.e. each of a 

: i «ed. and relativel small number of 
large number of problems 1s presented for a fixe i y à 
trials. In this situation, it is predicted that the level of observing response develop- 
' ment will be directly related to the level of Jearning-set formatio: 


n. In all three 
Situations, an operant observing response of the type deve 


loped by Wyckoft is used 
to explore the relationships between observing responses and discrimination learning. 


METHOD 


upplier, were used. 


commercial S 
tal and half in the 


obtained from à > 
half serving in the experimen’ 


Subjects 


Sixteen pigeons (Colum 
hey were divided into two ed 
‘Control group. 


ba domestica), 
ual groups, 


Sti ih , 
Cid sortment of randomly paired objects maintained 
cS hey were photographed in colour 


These were selected from a large T 
T : a tory. 

by the University of Wisconsin poora a d DUE 16 mm. strip-film projector. Each 

datrial. Film strips of 24 and 


and projected u rant respons i 
pon the operat A d constitute 5 t 
oou Hem of the positive object in each pair being 


ame of film consisted of à Pat i 
ap trial problems were used, with p Poe d Gellerman sequence. The position of the 
oped varied according e s ed by photosr aphing it di oun P a e ded 
P fus SEs in n i the subject, but incident with the photocell which P 

E so as to be invisi : 

Signals for the reinforcement mechanism: 
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Apparatus 


A diagrammatic representation of the apparatus is presented in Figure 1. A square 
wooden box of ł in. plywood with a translucent top served as the subject's compartment. 
Its front was open and gave access to a second compartment containing the response keys 
and food magazine. The response keys were of translucent plastic and a small square of 
draftsman's tracing paper affixed to their backs served as screens for the projected stimuli. 
Each key was hinged and mounted in combination with a pair of leaf contacts so that when 
they were struck lightly an electrical circuit was completed. The food magazine (F) 
contained grain and was opened for 6 sec. automatically whenever a correct response was 
made. 


FIGURE 1 


Diagrammatic representation of the apparatus. 


Strip-film Projector. B. Photocells. C. Mirrors. D. 60-watt lamp. E. Shutter. 
F. Food magazine. G. Observing response pedals. 


A, 


_ The observing response pedals (G), constructed of sheet i in. 
wide, extended j in. above the foot ei the subject's PaE A ERRA "They ad x am 
with respect to the keys that while simultaneous key and pedal SUA were possible, 
responses to either or both keys could be made without stepping on the pedals 
B The second compartment also contained the strip-film projector (A), two photocells 

ed H shutter mechanism (E). A portion of the projector beam was deflected into the 
p EE S by means of appropriately placed mirrors (C). These photocells provided the 
H m Au the film advance and reinforcement mechanisms, utilizing information code! 
s E e num Eia was so i en that when it was activated, the projector beam 

, leavin, ; “Wi 
mounted 1007 Bd de voii eys in darkness. A 60-watt frosted lamp (D) was 

, tXperimental procedures were completely automatized and o zi rding 
ae Ud in an adjoining e eliminate badly cies Two printing 
pedais E ated positive and negative key pecking responses. The observing response 
E e E E d toa vacuum-tube pulse generator, which produced ro pulses per 
tive printing ither of the pedals was activated. This output was fed to a third cumula- 

P 8 counter and recorded duration of pedal pressing for each trial. 


Procedures 


"i $ “id Cd * samba were adapted to the apparatus, after being placed on a depriV4- 
Ee catia pex to make the effective response of key pecking. Intermitten 
Was then introduced, key pecking being reinforced on a 40 sec. Fixe 


nn 


Jo 0 n RNC AA 


Experimental design 
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Interval sched v ini 
edule. No training or reinforcer i 
x nent 7 d i i 
the im though they were present in the dec ip p n 
" P : : z 
Each tes preys. Ev he den session of 48 min. deralion e ‘given daily 
S One 48 or two 24 trial b. i i 
ter pauca rete er of 48 or 4 trial problems. Each trial lasted 40 sec 
During this tim presentation of a single frame of film containing th: i a 
J e, key pecking responses wt ent i 
ters af 4o eee ey po ponses were recorded. The first response following thi 
. o e to the positive stimulus, was infi i rum 
Mur opened dor 6 des fth E 7 reinforced, i.e. the food magazine 
i P . e response was made to the negative sti i 
t : gative stimulus, rei 
ER P iat In either case, the shutter was simultaneously activated, the pee 
and a 20-sec. rest interval ensued during which time the keys were unlighted 


For the control group, the observing r i 

ke ! : ng response pedals were present in the compartm 
ma 2 pone could be kept of time on pedal. However, the stimuli ura eset 
For i a the trial and pedal pressing had no effect upon presentation of the stimuli. 
s CY Mo experimenta group, however, the pedals were connected to the shutter in such 
Re tiers a tha shutter dropped and exposed the stimuli only during the actual intervals 
RERA ne of the pedals was being depressed. If a pedal was not depressed, the shutter 
eis Y interposed between the projector beam and the keys, and the only illumination 
oUm eys was the uniform white light provided by the 60-wattlamp (D). (This lamp 
Bou switched on at all for the control group, but was switched on for the experimental 
Thi p until they pressed a pedal, when it was replaced by the stimuli to be discriminated.) 
s insured that during the trial general illumination of the keys was always of com- 


parable intensity for both groups. 

nue reinforcement schedule was programmed directly on the film and the position of 

SR correct stimulus randomly varied, so that if observing responses were not made, 

trial nses to the illuminated keys had a 50 per cent. probability of reinforcement on any 
. Thus it was not necessary for the observing response to be made in order for subjects to 


be reinforced for the effective response of key pecking. 
g, subjects were given six criterion problems. 


Before starting learning-set trainin| 
als per day and run to a criterion of 75 per cent. 


Each problem was presented for 48 tri 
i 12 trials of a given daily session. When this criterion Was 
set training was begun 


esented at the next session. 

after the subject had solved all six criterion problems. 

Presented at each session and subjects received a minimum of 120 such prt ms. 
In general, the only food provided was that obtained as reinforcement during the test 

Sessions, However, Occasional supplementary feedings were given to maintain the 

lad lib. feeding weight. 


Subjects at approximately 80 per cent. of their origina 


ts were presented 


Following criterion training, subjec e 
dal pressing and 


Wi A. Control Group LS (N = 8); 1 
e ith 120 learning-set problems. There was no contingency between pe 
Xposure of the stimuli. : a 
D Experimental group. The subdivisions are post-facto, having been made on the 
asis of the results obtained, for purposes of analysis, rather than selected at the beginning. 
(1) Group Ro I (N = 4) was made up of subjects who failed to solve all six criterion 
Problems but solved one or more. "NM 
(2) Group EM oT (N Sg included those subjects who had solved all six criterion 
Problems. E AM. 
(3) Gr z — 3) consisted of all subjects who completed learning set training. 
E ^ Grou es N T "s made up of subjects from the control group who were 
Biven additional learning set training under experimental Condos 


RESULTS 


4. The single problem situation , , = 

BS he learning and observing response curves tor a single repre- 
sentative duse e ect on the first criterion problem. It indicates graphically 
he close relationship betwee? discrimination genus and observing response 
€velopment in a single problem Jearned to criterion. 
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FIGURE 2 
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. Discrimination learning and observing response acquisition for a single subject on the 
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A Comparison of observing response development in subjects manifesting a high degree of 
discrimination learning and subjects in whom the degree of discrimination learning is low 


Figure 3 presents a comparison between the observing response development of 
Subjects manifesting a low degree of discrimination performance and that of subjects 
e whom the degree of discrimination is relatively high. (The sharp drop in the 
discrimination curve of Group Ro II is due to the introduction of a new problem, some 
of the Subjects in this group having learned the first problem by the sixth day-) 
Analysis of variance indicates that the proportion of time on pedal is significantly 
higher (b < oor) in Group Ro II, the group showing a relatively high level of dis- 
crimination, Conversely, in Group Ro I, proportion of time on pedal remains low 


and tends to decrease, while it tends to increase in Group Ro II concommitantly with 
increases in the degree of discrimination, 


i 
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; Subjects in Group Ro I were run for as long as 15 to 25 days on a single problem 
without attaining criterion solution. In all cases where discrimination was low and 
remained low, proportion of time on pedal continued to decrease or remain low. 


B. Criterion problems 

Figure 4 shows the discrimination and observing response curves for Group Ro II 
across the six criterion problems. Because of individual differences in trials to cri- 
terion, results are plotted in Vincentized fourths. In general, the data support the 
hypothesis that the introduction of each new problem is usually followed by a 
temporarary decrease in observing responses. Unfortunately, the number of 
criterion problems presented is insufficient to determine whether the observing 


response is tending toward a stable relatively high level. 


FIGURE 4 
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Solution of the criterion problems took, on the average, significantly uu 
the observing response group (p< 0:05). However, Grant’s (1956) exten 1 tes 
for trend, when applied to the intraproblem learning curves of the two groups (Fig. 5) 
Indicates no significant differences in the shape of these curves. 


s the six criterion 
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In the control group, exposure to the discriminative stimuli is not contingent 
upon the observing response and we would therefore predict a relatively low level of 
observing responses by contrast with the experimental group. The data from three 
control subjects for whom pedal-pressing data was available is compared with that of 
Group Ro II in Figure 6. Analysis of variance indicates that between group differ- 
ences in pedal pressing are significant (p < 0°05). 
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Comparison of pedal pressing in the experimental and control groups across the six criterion 
problems. 


C. Learning-set formation 


Only three subjects were available for inclusion in this group and none showed 
any signs of statistically significant learning set within 120 problems. At the outset, 
the level of observing responses was approximately the same for all three. However, 
Subjects No. 6 and No. 12 tended increasingly to respond in terms of position pre- 
ferences, and, as can be seen from Figure 7, proportion of time on pedal was steadily 
decreasing. Subject No. 13, however, was beginning to show improved performance 
both on the discrimination problems and in the use of the observing response. That 
is, not only was he responding more consistently to the stimuli, rather than to position 
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but he appeared to be learning to use the pedal response to provide exposure to the 
stimuli. (An incidental observation which was repeatedly confirmed, is of interest 
here. Ifthe subject was pecking at a key which was lighted white, and then stepped 
on the pedal and exposed the incorrect stimulus of a given problem, he would often 
get off the pedal, walk to the other side, stand on that pedal, expose the correct 


stimulus and begin to respond to it.) 
e was continued for Subject No. 13 until it 


For these reasons, learning-set training 
was clear that the subject’s discrimination performance was significantly better than 
ditions, proportion of time on pedal 


chance expectation (p < 0-01). Under these con! 
continued to increase. It should be noted that such increases were evident long 


before there was any significant improvement in discrimination learning (Fig. 8). 
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DISCUSSION 


designed to apply observing response theory to 


of discriminative stimuli are 
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observing response development 
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obtained in a simultaneous discrimination situation with complex stimuli, while the 
original observations were made with a hue discrimination in a successive discrimi- 
nation situation. The present results, therefore, extend the generality of the observ- 
ing response concept to the two most commonly used discrimination situations. 
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Learning-set formation in Group LS/Ro before and after transfer to the observing response 
conditions. 


In the situation where a single problem is learned to criterion, a direct relationship 
between degree of discrimination and level of observing response development was 
demonstrated. Furthermore, a similar relationship appears to obtain for each of 2 
Series of such problems, The introduction of each new problem is generally accom- 
panied by a temporary decrease in observing responses, related to the low degree 
discrimination at the outset of each problem. In such a situation, the observing 
Tesponse is being successively extinguished and reconditioned, i.e. intermittently 
reinforced. Unfortunately, the number of criterion problems presented appears t9 
be insufficient to test the hypothesis that under these conditions the observing 1e- 
sponse will tend eventually to attain a high constant value. Similarly, in view of the 
small number of subjects involved and their failure to demonstrate any marked degree 
of learning-set formation, no conclusions may be drawn concerning the relationship 
between observing response development and learning set formation. 

Certain more general findings remain to be discussed. Solution of the criterion 
p took, on the average, twice as long for the experimental as for the contro 
sulle significantly. This is easily explicable if we assume that learning occurs only 
Pm Eo SM T discriminative stimuli and recall that the stimuli are S 
pedal pressing. al group only during that portion of each trial in which they & 

It was also found that half the experimental subjects did not solve all the criterion 
problems, despite the extensive training given, and that in all such cases, the level 0 
observing responses was low and decreasing, Now it is readily apparent that there 
is a circular relationship between the level of observing response development and the 


despite the fact that the learning curves for the two groups proved not t9 | 
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desr ACE A: 3 
EN is ELA Thus, in the early trials of a given problem, both degree of 
c iS x and level of observing arelow. Consequently, the subject is exposed 
dcc mik per stimuli for only a small portion of each trial and the degree of 
eo n cannot increase rapidly. Conversely, the level of observing responses 
Ed ef ee rapidly, because of the low degree of discrimination. Thus, should 
rona p serving responses fall below a certain point it is likely to remain low or 
P cesses ae of what may be metaphorically termed "positive feedback" 
die . e data presented in Figure 3 suggest that such processes, once initiated, 
c» spontaneously reversible under the conditions of the present experiment. 
E some evidence that at this stage of the problem, activity level may be a 
oa actor. Initially, Group Ro II (Fig. 3) shows a high level of pedal pressing— 
ssibly related to activity consequent upon their introduction into a novel situation— 


f 
ollowed by a sharp drop and subsequent recovery. Both this initial level of pedal 
kedly higher than in Group Ro I, 


pesing and the baseline to which it recovers are mar 
a group which never subsequently learned the criterion discriminations. However, 
e results of the LS/Ro group suggest that activity is not the only nor the most 


important factor involved. 
m It will be recalled that these subjects had attained a significant degree of learning- 
S formation under the control condition prior to their transfer to the experimental 
ea ition, However, neither their previous discrimination experience, nor their 
zn atively high levels of pedal pressing had any facilitatory effect upon the subsequent 
‘quisition of observing responses. Indeed, they not only showed a decline in dis- 
crimination learning, but failed to develop any consistent relationship between pedal 
Pressing and discrimination performance (Fig. 9)- The persistence of this breakdown 
In performance over the large number of problems presented makes it unlikely that 


the breakdown is attributable solely to the extreme novelty of the observing response 
n this paper, 


. Condition for the control subjects. A 
Furthermore, the results of a. preliminary study, not reported i! 
the results of the LS/Ro group. This study showed 
observing response 


merce some confirmation for t Ro 

at even in subjects with considerable previous training under 

conditions, the acquisition of a high degree of discrimination on à given problem 

Under control conditions did not markedly facilitate performance on this same 
Taken together, these results suggest 


Problem under IE 
hat a high Ae CM ot dieci ndependently of the operant observing 
response, may not be sufficient to ly changes in observing response 
evelopment upon which further increases earning s v bum 
h Certain other aspects of the present findings also appear to contra us e genera 
Ypothesis underlying the concept of observing responses. This hypothesis states 
iminati imuli will have 4 reinforcing effect upon the 

j learned to respond differently 

In considering the reinforcement 


n 2). 
2 Mee sae jon learning effects observing 


ee O E 2 : 
n ur vated that this mechanism involved secondary 
£8 m inforcement. However, there 


vini respon 2 Verr T 
bserving e, eg. in situations where no 
Thus in Figure 2 and Figure 8 
y noticeable improvement in 


ghly preferred 


if we assume that a hi 
ndependently 


IScrimi d a 
ination learning. 

Thi ae be resolved i £ 
_ This apparent contradiction may be nt for the observing response, i 


St 
ulus may provide its OW? reinforc 
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nt food reinforcement. Support for such an assumption comes from a 
aus ee observations. These indicate that a marked preference E 
either of the stimuli in a given problem which produces differential responding Sd 
stimuli, also tends to produce a high level of observing responses during the pro ON 
The correctness or incorrectness of the preferred stimuli seems to be irrelev E 
Such observations suggest that both learned and unlearned differential responses o 
the discriminative stimuli will have a reinforcing effect upon the observing response 
In conclusion, it is worth noting that the concept of observing responses has much 
in common with Lawrence's concept of "mediating responses," as it is used in his 
experiments on the. "acquired distinctiveness of cues," (Lawrence, 1949, 1950). m 
the light of this relationship, one other similarity between the present data E 
Lawrence's position may be noted. Lawrence (1958) suggests that the readiness wit 
which a mediating response is associated with a given physical stimulus ‘is toa lane 
extent determined by the nature of that stimulus, the context in which it occurs an 
the innate makeup of the organism . . . but the degree of distinctiveness obtained a 
be varied by the type of training involved.” Such a formulation is consistent w1 s 
the present finding that both learned and unlearned differential behaviour may rein 
force the observing response. ee 
The concept of “observing responses,” therefore, may have theoretical implications 
for the problem of curiosity, exploratory behaviour, selective attention, etc., while 


the use of experimental analogues for “observing” may be of value in future research 
on such problems. 
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Keytapping 
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The effects of delayed auditory feedback (DAF) on the performance of simple speech 
ent, each of the fourteen young 


Ba keytapping tasks were compared. Inthe first experim| 
Sibi subjects was asked to repeat the speech sound ''b'' in groups of three sounds. The 
aah heard his undelayed speech sounds through earphones. Under the delay condition, 
can speech sounds were delayed 244 millisec. before being, returned to the subject’s 
k phones. In the second experiment, each of the same subjects was asked to tap on a 
REI in groups of three taps. The subjects heard an undelayed click through earphones 
can time they tapped on the key. Under the delay condition, the clicks were delayed 
RE millisec. before being returned to the earphones. Graphic recordings were made of 
€ time and intensity characteristics of tapping under both conditions. 
ihe changes which occurred in speec | key 
s same and consisted of increases in intensity and unit-t 
D sounds. When performing u 
il more sounds or to tap more times t 
3 ange in intensity and time characteristi! € 
vhich occurred under DAF were not significantly different for the two motor systems. 
he amount of change in speech performance under DAF did not correlate significantly 
With the amount of change in keytapping performance. 
muscles to the central nervous 
ment was first clearly stated by 
become clear that sensory 
movement. As the 
n-voluntary types 


The idea that sensory information coming from 
System plays an important róle in the control of move 
Sir Charles Bell in 1826 (Bell, 1844). Sincethat time, it has 
information is particularly important for normal voluntary 


experiments of Sherrington and Mott on monkeys have shown, no 
of movement can still occur in a deafferented limb (Sherrington and Mott, 1895); 


and it has recently been demonstrated that monkeys can relearn a conditioned reflex 
requiring flexion of a limb which has been completely deafferented (Knapp, Taub 


and Berman, 1958). 

Further evidence of the importance 
Voluntary movement is afforded by clini f 
deaf patients and of the ataxia which follows lesion: 
(as in zabes dorsalis). 


of sensory information for the control of 


cal observations of the speech difficulties of 
s in dorsal roots and dorsal column 


The ` ation is vital for initiation and control of normal 
volunta. SE hou sida aut the sensory information which is produced as a 
function of movement is used by the nervous system during the course of movement. 

he concept of sensory information from 2 motor performance functioning as Z 
Persistent controlling influence on the motor performance fits the formal model of 
a servo-system developed by engineering theory (Shannon and Weaver, 1949; Wiener, 
1948). Tn this model, which has been fully described by a number of authors, the 
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sensory information from a motor performance is called "feedback" (Fitts, 1951; 
Gibbs, 1954; Gooddy, 1949; Hammond, Merton and Sutton, 1956; Ruch, 1951). 
This theoretical model, in which sensory feedback is considered to function as 3 
controller or monitor of movement by supplying information to central neura 
structures, has been applied to the experimental analysis of movement. A large 
series of studies has been done on the réle of proprioceptive sensory feedback in the 


regulation of voluntary movements such as a simple tracking movement (Bahrick, . 


1957; Bahrick, Fitts and Schneider, 1955; Gibbs, 1954; Hefferline, 1958). » 

The idea that sensory feedback is used to monitor movement has not been p. 
versally accepted (Lashley, 1951). However, the arguments against sensory feo 
theory seem to be concerned not with the general usefulness of the model, but wit 
the question of the mechanism by which feedback influences motor control (Gibbs, 
1954; Lashley, 1951). 

In the esent UM we shall assume that sensory feedback is used by central 
neural structures for the control of voluntary movements. We are conside 
Sensory input to the organism as a form of "information" about a motor event whic 
is somehow used to control that event. Alteration in this sensory feedback informa- 
tion would accordingly be expected to result in a change in the motor performance In 
question. 

A number of studies have been done on the effects of delayed auditory feedback 
(DAF) on speech (Chase, Sutton and First, 1959). All of them have shown tha 
Speech is markedly changed when auditory feedback is delayed. The most striking 
changes in speech under DAF are increases in vocal intensity, increases in phonation 
time, and a tendency to repeat speech sounds (Fairbanks, 1955; Chase, 1958). 2 
In the present study, we shall consider the effect of delayed auditory feedbate 
(DAF) on the time and intensity of speech and keytapping. Our experiments Wer 
designed to assist in answering several questions: (a) Are the alterations in time M 
intensity of speech and of keytapping under DAF qualitatively the same for the a 
motor systems? (b) Does the same delay in auditory feedback result in more chang 
in motor performance for one system than for the other? (c) Does the amount 9 


change in a given subject's speech under DAF correlate with the amount of change 1” 
his keytapping under DAF? 


METHOD 
Subjects 

The subjects were fourteen young adults, 
Presbyterian Medical Centre, New York City. 


Procedure and calibration 


Speech. The subject was seated at a desk in a sound-treated room and fitted ye 
-I earphones with U.S. Air Force Type MX-41/AR rubber ear cushions. He W 
Placed so that his mouth was directly opposite an Altec Lansing 21C microphone: d 
head rest was adjusted so that the Subject's lips remained 4 in. from the micropho?: 
The subject was instructed to repeat the speech sound ''b" (as in book), in groups of thre 
until he had uttered seven to ten such groups. "b 
;., Under the first set of conditions, the output from the microphone fed into an amplifies 

tion system (a Presto 900-A4 and a Bogen DB-1ro amplifier) which added 72 dB. to 
subject's speech Signal before it was returned to his earphones. re 

Under the second set of conditions, the instruction and procedure just described ME 
again used, but this time the signal from the microphone passed through the Presto AIT 
fier to the record heaq of a Presto RC-11 tape recorder. The speech signal was recore a 
on magnetic tape, and passed at a speed of 15 in. per sec. to the playback head, from wh! 
it passed to the Bogen amplifier, and then into the subject’s earphones. 

A movable pin 


jd 
! placed between the record and playback heads permitted the operat? 
to create a loop of 


students and personnel at the Columbia- 


ao 


o 
tape, and thereby to vary the distance the tape travelled from record oa 
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playback nead: Te distance was adjusted to givea feedback delay time of 244 millisec. 
Subjecte Ta used. As under the first condition, a gain of 72 dB. was added to the 
E s q signal before it was returned to his earphones. 
e ( caion of auditory feedback under delayed return was duplicated under 
eae EE undelayed) return by using à 0-9 mV., 1,000 C.p.S. signal from a Heath 
bijusted E A generator as the calibrating input to the system. Amplification was 
(ohs V) anas output voltage from the system would reach the desired control value 
EASDEM out he Allison 3A Audiometer Calibration Unit was used to determine the 
BUNT utput of the system composed of the Altec microphone, Presto amplifiers, and 
pe E ke (The total acoustic gain of the System, 50 dB, was computed by sub- 
monum S e average acoustic pressure level for normal speech (ca 70 dB. re: 0-0002 p bar) 
CE e acoustic output of the Allison Audiometer Calibration Unit. It should be noted 
he system gain is less than the amplifier gain because of a degradation of the signal 


SE by inefficiency in the transducers used.) 

Ath rapping: The subject, again seated at a i treated room, and fitted 
sed e same earphones, was asked to tap on a key in groups of three taps until he had 
pped seven to ten groups. The key (Fig. 1) consisted of a brass bar through which a 


FIGURE 1 


Headphones 
Microphone Tape recorder and 
power supply power amplifier. 
Key 
Strain gage Graphic recorder 
SR—4 bridge and 
strain gage D.C. amplifier 
Spring 
steel strip 


to provide both delayed and undelayed auditory 


Schematic diagram of equipment used 
feedback. 


d of the bar, the other end moved 
ted an SR-4 strain gauge. Each 
used it to strike the steel strip, 

the free field, and increased in 


time the - 
brass bar, E 
subject tapped on the br Mery audible in 
sounds produced by each tap on 
h was placed near the 


a sound was produced. The sound was € 
th o: 3 
hone whic 


Intensity with i ing stren 

the ke with the increasing streng Lansing 21C microp! 

En Y ES paa m ES dto EET strip. Unfortunately, the mechanics of 
e instrument were such that a $0 produced just before he brass Dan we 
Steel strip and again just as it began to return to resting position. These clicks were of 
Constant intensity regardless of the strength with which the key was tapped.) 

. Under the first set of conditions of the keytapping experiment, the output from the 
Microphone fed into an am) lification system (as above) which aaan 72 dB. to the sound 
Produced by tapping on ARS it was returned to the subject’s earphones. 
is Unam dis E Pd £he same instructions and procedure Were used, 
ut this time the sounds roduced by the keytapping Wer? delayed 244 millisec. bee 
“ing returned to the Subject s ea The feedback was delayed in the auc 


Supported fulcrum passed. When the subject hit one en 


Up and struck a strip of spring steel on wh 
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as described above, and the sounds again were amplified equally under delayed and under 
hronous feedback. 4 1 f 
der both sets of conditions, a continuous recording of the time and of the amplas 
of taps were made. The output of the strain gauge mounted on the steel Strip ME 
amplified, and the amplified signal used as the input to a Sanborn “Viso Cardiette m 
562M direct writing galvanometer (Figs. 1 and 2). The displacement of the galvanome 


FIGURE 2 
l 
| Balance ES | 
lOO 15K IWI% 
FAN mi j| 
+ 
Sho 680 K 2 
15K, =| | 
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e SR-4 $ a 
3 | Meg. m 
| 2 
m 
1 


La 
H = V ant t Telephone 


plug 
TOY 
Strain Graphic 
gage recorder 
SR—4 
Circuit diagram of D.C. amplifier and strain gauge bridge. 


e 
pen was directly proportional to the force exerted on the steel strip. The linearity ot 
pen response to pressure exerted on the steel strip was determined by placing wei EA 
known value (ranging from 50 to 1,200 gm.) on the brass bar. Pen displacement wa5 ach 
plotted for each weight, the sensitivity of the galvanometer having been set before ae 
experiment so that a 500-gm. weight resting on the brass bar produced a 15-mm- 365 
placement of the pen. Asa check on the stability of the system’s linearity, 200-7, 5 un 
and 1,000-gm. weights were placed on the brass bar before and after each subject was 7' 

. The pen displacement was measured for each weight and checked for correspondence j 
the linear calibration curve. A maximum deviation of 2-0 mm. for 500 and 1,009 Uy 
and to mm. for 200 gm. was accepted. To make sure that the paper-driving Ed 
maintained a constant speed, five pulses from a 1 per sec. timi pla 


d ming mechanism were 
at the beginning and the end of each subject’s record, and measured. 


Analysis 


inpit 
Speech. The magnetic tape recordings of each subject's speech were used as the Ls 
to a Tektronix Type 532 cathode-ray oscilloscope. The resulting display was P 


graphed with a Grass C4 oscilloscope recording camera (film speed = 25 mm. per sey 
The distance between the beginning of each speech sound and the beginning of the n 


; m is 
within each group of three sounds, was defined as the “unit-to-unit distance. Th 


=, 


distance was measured for the third through the seventh groups of sounds in each condition 
he subject did not leave pauses adequate to permit 
In such cases, the distance from sound to sound 
e fifteen consecutive measurements. 
" to “unit-to-unit time.” 


of the experiment. In some cases, tl 
clear delineation of groups of sounds. 
was measured starting with the seventh sound, to giv 
The film speed value was used to convert ‘‘unit-to-unit distance 
It is the latter measure which is used in the statistical analysis. 
The outline of each speech sound display was drawn with a pencil directly on the 
|! oscillograms. The resulting “envelope” defined the contour of the display of each sound. 
The distance across each envelope at its widest point (measured perpendicular to the time 
axis) was defined as the "intensity" of the speech sound. Starting with the seventh sound 
display on the oscillogram, the intensi: utive speech sounds was measured. 
The measurements were made in 
the oscillogram is directly propo 
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| rtional to sound intensity, we 1 
as arbitrary units of sound intensity. The control dials on both tape recorder and oscillo- 
scope were fixed for the filming of both conditions of the speech experiment, thus permit- 
ting the intensity of sounds (in arbitrary units) to be interpreted relative to each other 


but not wi bsolute unit of sound intensity. 
Ma p Mr deflection of the galvanometer 


Y pi i bet the first downward alva 
SO EP , Th da cach Ere M rio ned as "unit-to-unit distance.” 


S ithi f three taps, was defi 
. pen and the next, within each group of three p: dont groupe AT CA 


This distance was measured for the third through th s under 
condition of the experiment. For cases in which groups of taps could not be distinguished, 
tap was measured to give fifteen consecutive ese 

[a i i ed value was used to convert unit- o-uni 
tarting with the seventh tap. The conte measure was used in the statistical analysis. 
ved from the baseline during each 


the distance from tap to 


dui eu into “unit-to-unit time. : di 
e' great ist hich the galvanometer pf l d 
| tap Sid euer poses of the tap. Since the distance 2 the pen Cipe 
| is directly proportional to force exerted on the key, the mullime se of pen disp! 

be considered as arbitrary units defining the intensity of each tap- 


| RESULTS 

r which occurred most often under DAF were m 

| Same for both speech and keyta The end Bet M 

intensity, increased unit-to-unit time, and a tendency E e 

(Tables I, II and III). An error in number, for example, wou! to a eae 

| instead of three, or to repeat 2 sound four times 1 : OE TON: 
extra unit was the most common type of error in 


tapping under DAF (Table III). 


The changes in motor behaviour ` 
pping tasks. 


TABLE I 
SPEECH AND KEYTAPPING 
ç F DATA ON PERFORMANCE OF c Kema 
m "TASKS UNDER DNeHRONOUS AND DELAYED AUDITORY FEEDBAC ( 
Key Speech 
€ 
Synchronous DAF Synchronous DAF 
E L3 
Pees e 
Intensit 5 = | f 5 
NS si 3 (arbitrary units) oe ar aun 
» i i PTUS 2:7-9:6 3:5-1073 
Sa MIC eei 553188 | 27 
eren 1 0:35 0:56 
4 i time (sec. 45; 
-Mean* ( ) ni a o37, Hoa yh n. | 
R: B 17-048 0-16-0:63 0:14-0:73 017-1:97 
ange.. x » 


igni e 
Note.—t tests were employed to, tet UN 
* This is the group mean for this m 
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TABLE II 


MEAN PERCENTAGE OF CHANGE IN INTENSITY AND UNIT-TO-UNIT TIME 
UNDER DELAYED AUDITORY FEEDBACK (N = 14) 


Key Speech pe 
Intensity (arbitrary units) .. 20:5 27:1 NS 
Unit-to-unit time ' .. — ..| 354 477 NS 
*t tests were used. 
TABLE III 


ERRORS IN NUMBER IN THE PERFORMANCE OF SPEECH AND KEYTAPPING 
Tasks UNDER SYNCHRONOUS AND DAF 
cee l d —— € 0 X ago 077700000 2 NN 


Key Speech 
Synchronous DAF Synchronous DAF 
Total errors se m «|o 4 o 22 
Number of subjects who made 
errors .. T ks --| 0(N=12) | 2 (N = 12) | o (N = 14) | 8 (N = 11) 


SS SE EE a a ee eee ee 


The changes in intensity under DAF for keytapping and speech are shown n, 
Table I. The mean intensity of the taps under synchronous feedback was 10:5, this 
value being the mean of the individual subjects’ mean scores for the intensity measure. 
Under DAF the mean intensity rose to 12:1. The difference between these two values 
was significant at the oor level. The percentage of change in mean intensity from 
Synchronous to DAF was determined for each subject by subtracting his mean 10 
tensity score under synchronous from his mean intensity score under DAF an 
dividing by the mean intensity score under synchronous, The percentage of change 
Scores were averaged for the total population (Table Il) The percentage of change 
in the mean intensity of keytapping caused by DAF was 20:5. 


i ` à 2 
The mean intensity of speech sounds increased from 6-0 under synchronous to 7 
under DAF. The difference between these tv 


vo values was significant at the os 
level. The percentage of change in mean intensity of speech from synchronous 
DAF was 27-1 (Table II). 


Changes in unit-to-unit time (in seconds) for keytapping are also shown in Table n 
The mean unit-to-unit time for keytaps was 0-37 under synchronous feedback, a” 
Tose to 0-50 under DAF. These values are the means of the individual subjects’ mean 
Scores for the unit-to-unit time measure. The difference between these two value? 
Was significant at the o-oor level. The percentage of change in unit-to-unit time a 
keytapping as a result of delay was 35:4. The mean unit-to-unit time for spec 
Sounds increased from 0:35 under synchronous to 0:56 under DAF. The difference 
between these two values was significant at the 0-05 level. The percentage of chang” 
in unit-to-unit time for speech under DAF was 47:7. It will be noted that the uppa 
limits of the range for unit-to-unit time shifted upward under DAF for both key a” d 
Speech tasks, and this, combined with the relative fixity of the lower limits, result? 
in a marked increase in the absolute range under DAF. he 

The unit-to-unit time is a composite measure. It consists of the time from t jd 
beginning to the end of a unit as well as the time from the end of one unit to tb 
beginning of the next, for both speech and keytapping. The increase in unit-to-UD! 
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timeu 
i. RN T the tendency of both the time of each unit, and the time from 
D asd uà p p pon ur ner to increase when speech or keytapping 

c ^ nic itati i 

the ee time in terms of E Haaa RR 
J were no significant differences between the i : 
E ercentage of ch key- 
e E the pies: of change in speech for ether renters (Table T M 
E eet of ee er occurred for both keytapping and speech under DAF (Table III). 
De each ree itions of the keytapping experiment called for five groups of three 
oa re ny group which contained more or less than three taps was scored as 
E ber fo EF The same procedure was applied to the scoring of errors in 
B bets 4 e speech experiment. The total errors in number, and the number of 
ee M 4 made errors, are shown for each set of conditions. The N often dropped 
"in e total number of subjects tested, because several subjects did not leave 
quate pauses between groups of taps or sounds; an error in number can only be 


d : 
: Sieg if the groups are clearly distinguished. The N for each condition, therefore 
cates the number of subjects who did distinguish groups clearly for that condition. 
e frequently in speech under DAF 


It wi z 
t will be noted that errors in number occurred mor 


t T : 
e in keytapping under DAF. 
he scores for mean intensity under synchronous feedback correlated significantly 


wi i ; : 
ah the mean intensity scores under DAF for both speech and keytapping (Table IV). 
e mean unit-to-unit time scores un back correlated significantly 


with ; der synchronous feed! 
the unit-to-unit time scores under DAF for both speech and keytapping. 


TABLE IV 


PEARSON PRODUCT-MOMENT CORRELATION COEFFICIENTS 


Speech 
(percentage 
change). Key 


Speech (DAF) Speech 
Key (DAF) Speech (Synch.) Speech (DAF) (percentage 
Key (synch-) (synch.) Key (synch.) Key (DAF) change) 
intensity. || o:92** o:8o** 0:30 014 | 028 
| 0:30 | 0:14 


nit-to-unit time g 
o:84** 0'4! 
| 


T ce 
"OOI. 
Y 2 0°53 (p < 005). 
h and keytapping scores 


There were no significant correlations between speech a 
or did the percentage of change 1n speech 


or either condition of the experiment; n EN 1 à 
er DAF correlate significantly with the percentage of change 1n eytapping under 
AF either for mean intensity or for mean unit-to-unit time scores. In Figure 3, the 
€rcentage of change under DAF in mean unit-to-unit time for speech and keytapping 
S plotted by subject; in Figure 4 the percentage of change in mean intensity under 
AF is plotted in the same way s and in both cases, the lack of correlation between 


E : 
Cores for speech and keytapping İS evident. 


DISCUSSION 
h performances were significantly changed when 


Both k i 

s eyta; nd speech 

au tory eyte nPE NOU The changes in performance were qualitatively the 

Ame for both motor systems: they consisted of increases in intensity and in unit-to- 
nit time, anda tendency to make errors in the number of responses. The qualitative 
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FIGURE 3 
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eine r emporal alteration in auditory feedback might 
cM E effects on many widely different motor systems; it remains for us 
e ents to determine whether this is so, and whether delayed feedback for other 

y modalities operates on behaviour in the same way as delayed auditory 


feedback. 
Our results suggest that there are critical time periods within which the sensory 
t be received if optimal motor 


Í i 
OMEN accompaniments of a motor operation mus 
ntrolis to be maintained. It would seem reasonable to supposé that the changes 


rey performance which result from a delay in auditory feedback are not only a 
m s expression of alteration 1n the sensory information used to monitor the per- 
NS SD also represent compensatory efforts to restore control of the disturbed 
m performance. The qualitative similarities in performance of the two motor 

ctions under DAF may indicate that similar compensatory mechanisms operate 


to restore control in both systems. 

po m possible that the increased intensity and the increased unit-to-unit time which 

a aracteristic of speech and keytapping under DAF operate to increase the 
unt of sensory feedback returning along other, undistrubed channels, e.g. tactile 

and proprioceptive. We frequently observed that marked increases in intensity and 

unit-to-unit time of tapping occurred just after an error in number of responses was 

Made. In Figure 5, for example, we have the keytapping record of a subject who has 


been requested to make groups of three taps each under ‘DAF. The first part of the 
f the subject at the time he was first exposed to a delay 


Te 

cord shows the performance o s 
it-to-unit time of his taps were close to 

rror in number of responses 


tead of three. In the next group of taps, we observed a 
ty and unit-to-unit time, but the subject now tapped the 
Correct number of times. In the third group of taps, the subject tapped at intensities 
Which were intermediate between the control values and the large values for the group 
Which immediately followed the error in number. The unit-to-unit time values 
remain unchanged. The return to lower intensities in the third group may indicate 
that the total amount of unimpaired sensory feedback information needed to maintain 
Optimal control of the motor performance under DAF was found by a method of 
Overshoot. 
Me percentage of ch 
EIE and speech; 
al control of speech 


similarity suggests that the same t 


b ; 3 s 
e tapping four times ins 
riking increase in intensi 


in intensity under DAF was nearly the same for both 

ue i was iom of unit-to-unit time. We know that 
is quite dependent on auditory feedback, for deaf Eee 
ave great difficulty in monitoring their speech. However, the p of some 
Inds of manual tasks produces little auditory feedback, and tapping P. ees 
can be carried out with considerable skill even when the taps are too ligh t à ae a 
Much sound, It would seem from these facts that speech could be a ed to be 
More dépendent on an unaltered auditory feedback than keytappmg; we have seen, 
owever, that DAF produced changes in the two systems which are jun 
Quite similar :nd that the tasks performed in the speech and 
ilr. (It must be o ptm 


kept in mine ©” 2 

rece Ping motor systems were both very a) Ret 
ate ances is nO jus 5 i 
Perhaps a d RUM DIOE bade results in marked alteration In motor per- 
A ontrol system normally depends on the specific 
that the disturbance in 


Orman 

ce whether or not this motor © D a 

e $ 5 ES ed. It is likely 

y uo Tue Ge ditory feedback is greater than woul 
Each motor system has many 


Ormancı : ith a delay 30 
e which occurs Wi of auditory feedback- 


t from 
ns a complete remov trol systems can probab 
Ory feedback channels, and many motor contre’ 7 


ly withstand 


D 
o 
o 
d 
o 
m 
O 
h 
n 
fs] 
H 
batt 
& 
tà 
a 
a 
m 
Él 
AY 
w 
a 
[2] 
o 
SI 
x 
^ 
foa 
D 
o 
is 
tal 
H 
[2 
[5] 
E 
[5 
A 
2 
a 


150 


po&viop 1opun Smddezáoy Jo sonsuojot1euo Á31suo3ur pue our ou jo 3urp10201 orqde18 y 


EFI 


"Xoeqpos; Aiojipne 


"esu ope FVA 


ii 


(g jo sdno43) Budde kay 


S ano 


0001 


005 


Suie4c) 


STUDIES ON SENSORY FEEDBACK. I I 
: 5I 


a vastly dimini i i 

RA EE flow of information along one or more of the sensory feedback 

NE ín n 2n point, we may consider the experiment of Lassek in which Es 7 
of a monkey's brachial plexus was left intact (Lassek, 1953) Despite 


the ex iv 
extensive sensory loss, the monkey suffered only a slight impairment of motion 


whe i 
reas section of all the dorsal roots of the brachial plexus results in total flaccid 


paralysis immediately after operation. 
Pe striking difference in the amount o 
p fre tapping under DAF (Table III) sug 
p pog in which effect the sequential release o 
E ui mechanisms which effect release of motor units for tapping. Tactile or 
prioceptive feedback may be more important for the control of sequential release 


of taps. 
(b ; i 
he low correlation between the amount of change a subject shows in keytapping 


u 
aed and the amount of change he shows in speech under DAF indicates that 
E die rbance potential of a delay in auditory feedback for a given subject varies 
SER beens motor task in question. Itis possible that each person learns a given 
The t ill by integrating sensory feedback information in a highly individual manner. 
skills ypes of sensory feedback which are integrated in the process of learning motor 
the ud determine the specific pattern of sensory feedback necessary to monitor 
ti or task. Characteristic learning patterns for motor skills would, therefore, 
o in characteristic patterns of sensory feedback monitoring. 
ur discussion has thus far considered the immediate findings of the present 


Xperiments. We should like to mention two possible applications of this type of 


research, 

Ere understanding o 

appr of specific sensory fee 

ang of disturbed func 

pos nu sensory feedback mo! 

P ble compensatory mechanisms reflecte 
stion of prostheses for sensory losses. 


lesi x 

ie such as the ataxia of dorsal column disease, 

n by supplying the organism with types of senso 
ich can no longer pass to the central neural structures. 


f errors in number which occur in speech 
gests that audition may be more critical 
f motor units in speech than 


f the changes which occur in motor performance as à 
dback alterations may give us a diagnostic tool for the 
tioning of the neural structures which make up the 
nitoring loops. Such understanding, particularly of 
d in these changes, is also pertinent to the 
If a motor deficit results from a sensory 
we can perhaps increase motor 
ry feedback other than those 
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STUDIES ON SENSORY FEEDBACK 
II Sensory Feedback Influences on Keytapping Motor Tasks 


BY 


RICHARD ALLEN CHASE, ISABELLE RAPIN, LLOYD GILDEN, 
SAMUEL SUTTON and GEORGE GUILFOYLE 


From Columbia University and City College of New York 


Subjects were trained to tap a key continuously at à specific rate, and with a specific 
amount of pressure (regularity task). Performance of this task was studied under condi- 


tions of: (a) decreased auditory feedback (masking noise through earphones), (b) decreased 
c) vibration (vibrators applied to 


visual feedback (tapping hand screened from view), ( 

forearm in order to “mask” proprioceptive feedback), (2) digital block of tapping finger, 
and (e) combination of all fear conditions. Significant changes in rate and intensity of 
tapping resulted under conditions of decreased auditory feedback, vibration, and the 
combined condition. 

In the second part of the study, the effects of different delayed sensory events on 
keytapping were examined. The five conditions of delayed sensory feedback were: 
(a) delayed auditory feedback, (b) delayed visual feedback, (c) delayed tactile feedback, 
(d) the first three delayed sensory events presented simultaneously, and (e) condition 
(d) répeated with digital block of the tapping finger. i 

The conditions of delayed sensory feedback did not markedly alter performance of the 
regularity task. The same conditions of delayed sensory feedback did, however, produce 
highly significant changes in the performance © pattern task. All of 
these delay conditions produced parallel ch task, namely increased 
intensity and decreased rate of tapping. The fact that the pattern tas 
by delayed sensory feedback than the regularity task suggests tl 
of the task is one determinant of the degree to W 


Sensory feedback. 
tal evidence have indicated 


Duri ears, both clinical and experiment ; 
Ee UC js critical for the learning, initiation, and continuous control 
of voluntary motor activity. Reviews of the pertinent theoretical ani M 
Considerations are readily available (Adrian, 1947: Bastian, 19s m y 
1950; Fitts, 1951; Lassek, 1953; Sherrington, 1952; Twitchell, 1954; 1% iti 1947). 

i i i ion associated with movement 1S utilized to 


The idea that the sensory !n 


Melton and Briggs, 196! 


n Oni oing : 
duced by 8 id al nervous system and is 


engineering theory (Fitts, 1951; 
returns to the centr 


Model, the sensory information pro 


"feedback." This sensory information ! 
tor activity. of a delay in air-conducted 


and First, 1961). We later 


; Chase, : 
ase, 1958; because this type of motor 


be 5 tor performances 
SRM study simple keytappint mas tion of more sensory feedback channels, 
ance permitted experime fication of motor changes. In one study,we 
i feedback on analogous tasks 


3 d auditory 
air-conduct™ . Rapin and Sutton, 1959. We 
found the ch : RUM d auditory feedback to be o 
changes in perform tor systems: When performing under delaye 
GN ay es the intensity of each response (the speech 
am ory feedback, the subjec the duration of the response 1s increased, the 
_ Sound is louder; the key 15 ntly repeats responses: 


hit harder), EN gue 
Tate of response decreases, and the subject ri 
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Tn the present study, we have undertaken to determine whether delay in sensory 
channels other than the auditory produce similar changes in keytapping performance; 
studies were carried out, therefore, with delayed auditory, visual, and tactile feedback. 
We have also examined the effects of reduction of visual, auditory, tactile, and 
proprioceptive feedback on keytapping. 


METHOD 
Instrumentation and procedure 


In this study, the effects of different sensory feedback alterations on the rate and 
amplitude characteristics of practiced keytapping performances were studied. " The 
subject was seated next to a table, with his arm resting on a wooden block, and his index 
finger placed just above a key on which he tapped. i 

Subjects. The subjects were fifteen normal young adults who were almost all medical 
students or personnel at the Columbia-Presbyterian Medical Centre in New York City. 

Key. The key on which the subjects tapped consisted of a hard-rubber dowel glued 
to a spring-steel hacksaw blade. The blade was clamped on supports at both ends, and 
the dowel was supported above the blade by a metal bridge. A metal electrode was 
glued to the top of the dowel, and the subject held a grounded electrode in his free hand. 
This arrangement permitted the subject to trigger a switch each time he tapped on the key. 
The apparatus for recording tapping performance was identical with that described in 
our previous paper (Chase, Harvey, Standfast, Rapin and Sutton, 1961). 


Keytapping tasks 

Two keytapping tasks were used in this study. 

Regularity task. The subject was asked to tap as regularly as possible with respect to: 
rate and amplitude, and was instructed to follow the rate of an electric metronome, whic! 
beat 3 times per sec. Cues for learning the amplitude to be maintained were provided by 
connecting a voltmeter across the input to the direct-writing galvanometer. The deflec- 
tion of the meter needle was directly proportional to the force of each tap. Subjects were 
instructed to deflect the needle within a range which was equivalent to a static force on the 
key of o eu at the low end, and equivalent to 9o-gm. of static force on the key at the 
high end. 

Pattern task. The pattern task consisted of tapping on the key in groups of three tap’ 
each. Subjects were again requested to maintain maximum constancy of rate a 
amplitude of tapping. The metronome beat at a rate of 3 per sec., and the subject was 
instructed to tap in rhythm with each of three beats, pause for the next two, tap in rhythm 


with the next three, and so on in this fashion. The subjects were trained to tap at the 
same amplitude as in the regularity task. 


Experimental conditions of decreased sensory feedback 


Decreased auditory feedback. PDR-1 earphones mounted in Wilson No. 258 “sound 
barrier" liquid seal enclosures were placed over the subject's ears, and sound from a Piling 
Witting sawtooth noise generator was fed into the phones at sufficient gain to completely 
mask the mechanical sounds associated with tapping. r 

Decreased visual feedback. A screen was placed so that the subject could not see his 
hand while tapping on the key. 

Vibration. We desired to approximate a condition of diminished proprioceptive feed- 

. back. Vibratory sensory information enters the dorsal columns of the spinal cord along 
with the proprioceptive information. We felt that vibration on the arm would distor 
the decoding of the proprioceptive information by the central nervous system because 9. 
its randomness with respect to the tapping, and because of the preponderance of vibratory 

over proprioceptive activity which would result from using enough vibrators. Vibrators 
were held on the subject’s wrist and forearm, The subject held a roll of tape in his han 

in order to keep the wrist in a position of dorsiflexion and thus prevent the increase !P 

momentum of the tapping finger due to the vibration. 

Digital block. One c.c. of x per cent. xylocaine was injected on each side of the inde* 


finger near the base of the proximal phalanx. This procedure abolished light touch am 
pin prick sensation in 5 to 15 min. 
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Experimental conditions of delayed sensory feedback 
peach fime the Ce on in key he closed a 
c arg to a Presto -11 magne ic tape recorder. The signal was record 
d TER ata speed of 15 i.p.s. to the playback head. A moveable pin, od Reo 
Rs and playback heads, permitted the experimenter to create a loop of tape, and 
nist y to increase the distance the tape travelled from record to playback head. This 
i nce was fixed to give a delay time of 300 millisec. from record to playback head. The 
electrical pulse registered at the playback head, and then triggered the circuit used to 
produce light flashes, clicks, and tactile pulses, either singly or in combination (Fig. 1). 
his procedure permitted the experimenter to provide the subject with visual, auditory 
and tactile sensory events 300 millisec. after each tap on the key. These three types of 
sensory events could be provided without delay (or synchronously with each tap) by passing 
the electrical pulse triggered by the tap directly through the amplifier: 


i 1 s of the tape recorder 
without putting it on tape. The synchronous sensory events could also be presented 
singly or in combination. 


switch, and an electrical pulse was 
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i were divided into three groups and each subject was run on the expel 
EE ER c during one session. The experimental sessions for each group w S 
spaced about one week apart. Group I experiments concerned the effects OF decias a 
sensory feedback on the performance of the regularity task. Group II SEDE Ex 
concerned the effects of delayed sensory feedback on both regularity and pattern ta: Sd 
Group ITI experiments were done with digital block of the tapping finger, and concern 4 
the effects of decreased and delayed sensory feedback on the regularity task, and delaye 
sensory feedback on the pattern task. i 5. 
Each experimental RA was preceded by a training period and a control condition. 
If the regularity task was used, the subject trained by tapping 20 times with the md 
nome and meter operating as described above to give him information about the de : 
rate and amplitude of tapping. If the pattern task was used, the subject trainee 
tapping ten groups of three taps each with the metronome and meter operating. A A 
either training session, there was a 30-sec. pause, and the subject was then run on a contro! 
condition. This was followed by a 6o-sec. pause, and the subject was then run on the 
experimental condition. This protocol was followed for all experiments except some in 
which digital block was used. The exceptions in this case will be described in the dis- 
cussion of Group III experiments below. The control sample and experimental condition 
sample consisted of 25 taps for the regularity task, and 12 groups of three taps each for 


the pattern task. Before each condition the subject was instructed to tap in the required 
fashion until told to stop by the experimenter. 


Decreased sensory feedbach (Group I experiments) 
Experiment I.—Control condition: normal. 
Experimental condition: normal, 


We use “normal” to mean the normal pattern of sensory feedback which accompanies 
the keytapping performance. The subject watches his hand as he taps, hears all of the 


mechanical sound produced by the tapping, and feels all of the normal sensory feedback 
from the tapping finger and hand. 


Experiment IT. —Control condition: normal. 

Experimental condition: decreased auditory feedback. 
Experiment IIT.—Control condition: normal. 

Experimental condition: decreased visual feedback. 
Experiment IV. —Control condition: normal. 

Experimental condition: vibration. 


The subject watched his tapping finger in all experimental conditions except that of 
decreased visual feedback 


- The order in which these four experiments were run was 
randomized across subjects. 


Only the regularity motor task was used for these experi- 
ments, 


Delayed sensory feedback (Group II experiments) 


Experiment I. —Control condition: synchronous auditory feedback. 


Experimental condition: delayed auditory feedback, 
Experiment IT. — Control condition: synchronous visual feedback. 
Experimental condition: delayed visual feedback. 


— Control condition: synchronous tactile feedback, 
Experimental condition: delayed tactile feedback. 


—Control condition: synchronous auditory, visual, and tactile 


Experiment IT]. 


Experiment IV. 


feedback. ile 
Experimental condition: delayed auditory, visual, and tact 
feedback. i 
The subject watched hi i i ll conditions except those of Experi- 
ments IT and IV, whee i 1s tapping finger during a Xcep o: 


à it, € was required to keep his eyes fixed on the light source in m 
ofhim. The regularity task was used first, and the order in which the four experimen. 
were Tun was randomized across subjects. The four experiments were then run agai 
using the pattern task and 


t the same random order of presentation used for the regularity 
task was used again for each Subject. 


——— 
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. In this study, the words '* x 
Ar Eee > ; sensory feedback” are used in discussion i 
EID c ELA NUT ons i ased 1o 
etween the conditions of decr d S ere ictum CDn E ay iere 
sensory feedback. In the Sore ui ED feedback and the conditions of delayed 
acd code te is e, we w ae working with the normal pattern of sensory 
sensory information generated 5 dens e bcc T [eR RM nn 
oes eccomplisbedia dier 2k t s appine, This diminution in normal sensory infor- 
Peon a OP EE EIES : ways for the different sensory modalities, as discussed 
E hi y ase, we are approximating a decrease in sens i i 
pons A Dorma aoa of the motor performance, and in se ee cae 
pease gener Y eedback pattern. In the case of the delayed sensory feedback conditions 
Bien Pos a ing sensory events which we link in time to the motor events. These are 
DESEE "y eedback events in so far as they do not normally accompany key tapping. 
dh an ie sensory stimuli are of constant duration and intensity, and therefore 
ES i hears iode pertinent to the monitoring of amplitude of tapping. They 
M ar xe time relationship to the tapping, and can, therefore, be used to monitor 
e important distinction we are making, however, is one between alteration ofa 
otor activity under study, and an 


s Sa 
quM event which is a normal accompaniment of the m 
rimentally generated sensory event which is linked in time to the motor performance. 


RUM speaking, the term “sensory feedback” is only applicable to the conditions of the 

CS study in which normal sensory accompaniments of the motor activity have been. 

Sonata: The term delayed sensory event" would. be a more accurate description of the 

SEMEL d in which temporal alterations of stimuli have been made. However, we have 

cS dit d upon the use of the term “sensory feedback” for description of all the experimental 

SUE ions of this study in order to simplify the presentation. The distinctions just made, 
ver are important, and should be kept clearly in mind. 


Digital block (Group III experiments) 
Experiment I .— Control condition: normal. 
Experimental condition: normal. 
The delay between the control and experimental conditions was 15 min. 


Experiment II _—Control condition: normal. 
Experimental condition: digital block. 


t Since it took from 5 to 15 min, for the digital block to result in complete loss of light 
ouch and pin prick sensation, the experimental condition was run I5 min. after the 
control condition. Experiment I was used to determine if this time delay had an inde- 
Pendent effect on the performance of the experimental condition of Experiment II. 
Experiment I11.—Cont ol condition : digital block. 

it TET CE ion: digital block, and decreased auditory and 


Experimental condition: i 
visual feedback, and vibration. 


Experiment IV. Control condition: digital block an 


d tactile feedback. 
ae 1 condition: digital plock and dela 


d synchronous auditory, visual 


yed auditory, visual, 


except those of Experiment 
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ing the regularity task and then 


IV, in Š 
; in which he look t the light 
ments I, II ae HIE o ate iment IV was run first usin, : 
dd using the pattern task. The experiments of this group were run in fixed order as 
isted, for all subjects. 


ined in the control and experi- 


M. easures 
TH Aon per of taps was obtu 
each experiment, the Sume ask was used, the subject was told to stop tapping 
one tap to the next was measured in 


Mental conditi 

aft itions. If the regu "tance from 
millimot ier E. peen ma 1 Hes pees give a total of 20 aes measurements. 
Ince this dest pesneabiro is directly proportional Ve M * x e pM Ur 
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istance which the galvanometer pen moved from the baseline during 

E es EE dh maximum force exerted on the key during each 
e EM measure is referred to as the "intensity" of the tap. The greatest distance 
E h the pen moved from the baseline, in millimeters, was the measure used in the 
Satstičal analyses, and are the measures listed in the tables under “intensity.” The 
intensity of 20 consecutive taps was measured, starting with the first tap. - 
If the pattern task was used, the subject was told to stop tapping after I2 groups o 
three taps each were made. Twenty consecutive measurements of unit-to-unit time were 
made for each condition, starting with the first tap. In this case, the unit-to-unit time 
was the distance in millimeters between one tap and the next within a group. Twenty 
consecutive intensity measurements were made for each condition, starting with the first 
Em summary, the raw data for this study consisted of 20 consecutive unit-to-unit time 
measures and 20 consecutive intensity measures for each control condition, and each 


experimental condition. The medians of each 20 raw scores were computed and used in 
the statistical tests. 


RESULTS 
Control experiments 


As noted above, two control ex 
delays between the control and ex 


e de sensory feedback conditions produced 
-unit time and intensity of tapping for the regularity 
back; vibration; and the com- 


k of the tapping finger (Table 1). The decreased 


„decreases in the unit-to-unit 
The direction of the change is not 


increased unit-to-unit time) 
he median scores, 


-- 
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TABLE I 


MEAN ME J 
EAN MEASURES OF UNIT-TO-UNIT TIME AND INTENSITY ON REGULARITY 
K UNDER NORMAL AND DECREASED SENSORY FEEDBACK 


_ ae C c 


Control conditions Experimental conditions 
Description | Median Description Median p* 
Unit-to-unit time 
onal 8-0 Normal X ES is 8-0 NS 
Renna! 84 Decreased auditory -- 3 83 Sol. Ms <0:05 
Renal 82 Decreased visual «s ou Rolf Ep NS 
No mal 84 Vibration — .- K 84 | <005 
Di m . 856 Digital block .. ws a e e| 82 NS 
gital block ..| 8:2 Decreased auditory and visual feedback, 
vibration and digital block Ls tal 04 <o-ol 
Intensity 
eal 30 Normal ES $ P 30 NS 
Resina 2:8 Decreased auditory -- vk " s 2:9. X005 
N rmal 2:7 Decreased visual — -- Tm w cafe NS 
Nese 2:5 Vibration — -- se T ES Pe eso |) sse 
Di rmal Anas Digital block .. d d: hc tl) 2:0 NS 
gital block ..| 2:0 Decreased auditory and visual feedback, 
vibration and digital block eg sro <0:001 


* Wilcoxon’s paired replicates test. 
tapping than any of the com- 


greater effec s 

t on both unit-to ` cL 
Ponent decreased sensory feedback conditions with the exception of the vibration 
Condition. The effect of the combined decreased sensory feedback on intensity of 
tapping was not significantly different from the effect of the vibration condition alone. 


-unit time and intensity of 


TABLE I 
or COMBINED AND 


Cour. ss] OF ; EFFECTS ON REGULARITY TASK 
BREsONS' OF DE wes SENSORY FEEDBACK CONDITIONS 


COMPONENT DECREASED 
Effects 0) Effects of - 
pet decrease Effects of 
auditory visual | El ffects of digital 
dback feedback vibration block 
s alone alone alone 
E i 
Affects of decreased auditory and visual 
1 cabach, vibration and digital block P ees oT |. 
Utd d rs *'| 20:05 <o-or NS 0:001 


lw E iti = 

Wilcoxon's paired reat imental ias contol condition Saits conte 
s are shown for the €^ :Hons COM! are! "S s ES 

ne decreased sensory feedback E tions ory feedback Con ae SEES 

ined decrease effect for the combined decreased Sensory 

a 


Ondi 
ditte tion scores for the comb! greater 


T 3 cony 
Sedpa utes are in the direction 9 


Pone, 
a 


ack condition. 
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eedback 3 
D PRA E: Each of the component conditions of delayed sensory feedback 
d de ed icant change in either unit-to-unit time or intensity of tapping 
em The delayed tactile feedback condition resulted in a decrease in m aa 
Gere e E was significant at the 0-05 level. The delayed auditory and dele 
Pup ehem conditions resulted in increases in intensity of tapping which wer 
M 


significant at the 0-05 level. None of these changes is clearly reflected in the median 
scores because of considerable scatter in the data. 


TABLE III 


MEAN MEASURES OF UNIT-TO-UNIT TIME AND INTENSITY ON REGULARITY 
TASK UNDER SYNCHRONOUS AND DELAYED SENSORY FEEDBACK 


Control conditions Experimental conditions 3 
Description [Median Description Median p* 
Unit- to-unit time 
Synchronous auditory e| 80 Delayed auditory seran E 
Synchronous visual Nell 18s Delayed visual hs e| 84 AT a 
Synchronous tactile .. e| 82 Delayed tactile i e] 8:0 Hae 
Synchronous auditory, visual Delayed auditory, visual 
and tactile oh -.| 80 and tactile Un -| 79 NS 
Synchronous auditory, visual, Delayed auditory, visual, 
tactile and digital block . | 8-2 tactile and digital block 8:7 NS 
| 
Intensity 
Synchronous auditory e| 22 Delayed auditory e| 24 pe) 
Synchronous visual ^. e Be ie Delayed visual D ol 258 <0'05 
Synchronous tactile ob ea}, 2:5 Delayed tactile oT 2$ 2:6 NS 
Synchronous. auditory, visual Delayed auditory, visual 
and tactile S e] 2:0 and tactile d ..| 20 NS 
Synchronous auditory, visual, | Delayed auditory, visual, 
tactile and digital block 2-0 tactile and digital block 2:2 NS 


* Wilcoxon's paired replicates test, 


ions of delayed sensory feed- 
unit time and intensity Scores. 
duced significant changes in either 


_ We wished to determine whether the condition of combined delayed auditory, - 
visual and tactile produced more change in tapping for the pattern task 
: delayed sensory feedback conditions. The experimental 
minus the control scores for the combined delayed sensory feedback condition were 
€ difference scores for each of the component delaye 
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TABLE IV 


MEDIAN MEASURES OF Uwir-TO-UNIT TIME AND INTENSITY ON PATTERN TASK 
UNDER SYNCHRONOUS AND DELAYED SENSORY FEEDBACK 


I —— ———À— ee REE ET EET SETTLER TT 


Control conditions Experimental conditions 
Description Median Description Median| p* 
Unit-to-unit time 
Jj 
. Synchronous auditory Ese Delayed auditory . 88 | <o-oor 
Synchronous visual .. 28:2 Delayed visual 8-1 <0'05 
emcoranous tactile .. e] 84 Delayed tactile à +3] 28:6 NS 
ynchronous auditory, visual Delayed auditory, visual 
and tactile .. AN 2| 19:0. and tactile ES qd 2 «o:00I 
ynchronous auditory, visual, Delayed auditory, visual, 
tactile and digital block 8:2 tactile and digital block 9:6 <0:001 
Intensity 
Synchronous auditory 2:5 Delayed auditory 34 | «0001 
-Synchronous visual .. e Delayed visual 35 | «0001 
ynchronous tactile .. Tl 22:8: Delayed tactile Lo 32 SS 
ync' ronous auditory, visual Delayed auditory, visual 
d tactile .. Ju PA rz and tactile 3 T 3:3 | «0001 
Yucuonous auditory, visual Delayed auditory, visual, 
tactile and digital block à 2:0 tactile and digital block 3:2: | 0:00T 


* Wilcoxon's paired replicates test. 


These comparisons are shown in Table y ME 
Combined delayed sensory feedback condition had a significantly greater etec on 
Mn unit-to-unit time ard intensity of tapping than any of the component delayed 

i f the delayed auditory feedback 


Sensory feedback conditions with the exception v loni 
Condition, Am E of delayed auditory feedback alone was not significantly 


different from the effect of the combined delayed sensory feedback condition on 


€se measures. 


Sensory feedback conditions. 


TABLE V d 
< or CoM 

i ParrERN TASK OF O; 

or THE EFFECTS a y FEEDBACK CONDITIONS 


Comparison? 2 
CowPoNENT DELAYED SENSO: 
| Effects of Effects of 


Effects of DVF alone | DIF alone 


BINED AND 


DAF alone 
Pesan soe 
2 
is of DAF, DVF ani DTF © "|| NS SUE Sor 
Tyiutto-unit time ESSA QN 7 NS OH e 
ntensity p. = 


aL Wi fn 
ilcoxon's paired replicates test. „us the control condition scores for com- 
v perimental minus EET inus control 
Boies are Shown dor the SSP maidens OMT ack ander. All sns 
Onditi ensory 5 d sensory : 3 
qim Be T d ele effect for the combined delayed sensory 
Ce are in the direction 
back condition. 
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The change in performance due to the combined delay condition was correlated 
with the change due to each of the component delayed sensory feedback conditions 
(Table VI). The correlations were computed for difference scores obtained by 
subtracting the control condition score from the experimental condition score for 
each of the experimental conditions listed. 


TABLE VI 
RANK ORDER CORRELATIONS! BETWEEN THE EFFECTS ON PATTERN TASK OF 
COMBINED AND COMPONENT DELAYS IN SENSORY FEEDBACK CONDITIONS 


oe EEE E 


DAF, DAF, DVF, DIF 
DVF alone DTF alone DVF, DTF and digital block? 
' Unit-to-unit time 
= 
DAF alone 2 0:54* | ots o:68** 0:24 ' 
DVF alone a 0:64** 0'50 0-10 
DTF alone oe 044 —0'01 
DAF, DVF, DTF 0°33 
Intensity 
DAF alone n. 0:33 0:00 ma 0:37 0:34 
DVF alone tA 0:43 0:69** 0:29 
DTF alone ` 0:46 — 0:02 
DAF, DVF, DTF 0:58* 


1 The correlations shown are for difference scores between conditions listed and their 
appropriate controls (see text). The control conditions consist of the same sensory 
feedback without delay. 

? n = 14 (n = 15 for all other conditions). 

* p «005. 

** p «oor. 


¥, (0°05) = 0-51 for n = 15. 
7, (0-01) = 0-64 for n = 15. 
Y, (0°05) = 0°53 for n = r4. 
7, (0-01) = 0°66 for n = 14. 


There is a high degree of correlation between the effects of combined and com- 
ponent delayed sensory feedback conditions on the unit-to-unit time of pattern-task 
tapping. The component conditions also correlate well with each other. Howeve! 
the effects on unit-to-unit time of the combined delayed sensory feedback conditioP 


concomittant with digital block of the tapping finger do not correlate significantly 
with the effects on unit-to-unit time due to any of the other delayed sensory feedback 
conditions, 


There is little significant correlation between the effects of combined and com- 
ponent delayed sensory feedback conditions on the intensity of pattern-task tappin&- 


DISCUSSION 
Effects of decreased sensory feedback on motor performance 


Control of regularity-task f te 
= í a 
decreases in senso ty performance was altered by two of the four separ: 


ry feedback. Elimination of visual feedback and digital block © 


the tapping finger resulted in no significant change i Í ing: 
Decreased auditory feedback gnilicant change in rate or amplitude of tappi” 


and vibration did, however, result in increased intensitY 
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It is of interest to note that the two conditions which produced 


and rate of tapping. 
eductions of sensory feedback, whereas the 


2d oe in performance were actual r 
onditions which produced alterations involved noise or masking. It is possible that 


the changes observed under the masking conditions might have been due, at least in 
cw to the masking itself, and not to the decrease in sensory feedback. j 
M ied wes suggest that alterations in proprioceptive feedback result in more 
Di ons 3 urbance of tapping performance than any of the other single alterations 
E oi E. eedback studied. We may speculate that the increase in intensity under 
ae ibration condition might be compensatory, functioning to counteract the dis- 
E: RM produced by vibratory masking. This possibility may be more critically 
udied in animals by selective decrease in proprioceptive feedback, obtained by 


placing a surgical lesion in the posterior columns of the spinal cord. 
feedback resulted in significant 


qa he condition of combined decreases in sensory 
K erations in regularity-task tapping performance. Under this condition, there was 
NS nt increase in intensity of tapping and a significant decrease in rate of 
mE The increase in intensity of tapping due to the combined decreased sensory 
t Jack condition was not significantly different from the increase 1n intensity of 
Rens due to vibration alone. It follows, that if any of the other decreased sensory 
eedback conditions contribute to the increase in intensity of tapping, their contribu- 
um does not add significantly to the increased intensity due to vibration alone. 
hese findings suggest that proprioception may be the most important type of 
Sensory feedback required to control the intensity of tapping in these experiments. 
The decrease in rate of tapping which occurs u 


nder the combined condition is not 
observed in any of the component conditions of decreased sensory feedback. The 
Wo component conditions W. 


hich do affect rate of tapping result in an increased rate 

(Table I). The decreased rate of tapping under the combined condition is, therefore, 
Unique to this condition, and indicates that the combination of all of the separate 
€creases in sensory feedback have effects on tapping which are not observed when 
any one of them is used alone. Under the combined condition, many of the subjects 
reported that they had no knowledge of whether they were contacting the key. It 
Would be interesting to do experiments in which the different combinations of two and 
Tee conditions of decreased sensory feedback were used separately. One could 
en determine the specific combinations of conditions which result in the marked 
*crease in tapping rate observed when all four conditions of decreased sensory 
Sedback were used together. Perhaps it i to decrease E -four 
Modalities of sensory feedback simultaneously to produce the marked ecrease 
n tapping rate. There is considerable evidence that there 15 a wide safety margin 
in the amount of sensory information which must return to the central nervous 
System in order to maintain control over voluntary motor activity yr d 
On showed that sectioning of all of the dorsal roots of the oes " S Yu in the 
Onkey results in an almost complete inability to use the deafferente! E j berg 
on and Mott, 1894-98). However if the dorsal root of C, alone 5 c ft in ath e 
{ulting Baran s xd deficit is minimal (Lassek, 1953) These P ings in d 
at far more don feedback returns to the central nervous system from an extre- 


Mi a tor activity. Since each dorsal 
te tY than is needed for monitoring its voluntary mo'o Ü 


S0 ; g 18 S. clear that in the case in which only one 
ee Pee sensory modi fo a number of sensory UM. is m 
Present, The eu , a o Jance of the different types of sensory eedbac r p 
n. Control of rela ary movement n the parameter of motor control t 
Aiestion eee d the proble onitoring the rate of tapping, no on 
: en we conside w^ provide more sensitive information about this 

s 


© of sensory feedback seem: 
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is i c hanges in 
RU CU UN qo decries fn al ofthe types of sci di 
rate would only be expected to follow i ity of tapping, 
as observed to be the case. For the control of intensity 
Eur E Eran suggest that proprioception may be more Inport a na m 
other types of sensory feedback studied. It would seem that propriocep a Me in 
would show more variation as a function of changes in intensity of tapping th 
visual or auditory feedback. 
75 The SEU a of a specific type of sensory feedback for a 
voluntary movement also varies with the total pattern of sensory feedbac i ien 
it is a part, and therefore, with the motor performance being controlled. er a 
(1955) had human subjects reproduce pressures with their index fingers | 
condition in which the digital nerves were blocked, and under a condition w We 
anesthesia. Subjects became more accurate in their performance with anes pes 
when they were reproducing pressures over 400 gm. The lower the pressure! amt 
reproduced, the more difference there was between the performance with and wi one 
anesthesia. Provins implies that below 400 gm., optimal motor control depends m ily 
upon touch receptors than upon those in muscles and tendon. We do not pu 
require visual information about the location of our feet in order to maintain balance: 


XE 5 : ` ck 
however, as proprioceptive information from the legs is decreased, the visual feedba 
becomes progressively more essential. 


Effects of delayed sensory feedback on motor performance 


The conditions of delayed sensory feedback did not markedly alter performan 
of the regularity task as indicated by the following: none of the delayed sensory fee 


à e 
back conditions produced significant changes beyond the 0-05 level; neither of th 
combined delayed senso 


ry feedback conditions produced significant changes in tapping 
(Table III). 


The same conditions of delayed sensory feedback did produce marked changes E. 
the performance of the pattern task as i 


ndicated by the following: all conde E 
delayed sensory feedback, except the delayed tactile feedback condition, prod". Lo 
significant changes in both intensity and rate; most of the changes produced we 
Significant at better than the o-oor | 


evel, both of the combined delayed sensory 
feedback conditions produc: 


ed changes in intensity and rate which were significant f 
better than the o-oor level (Table IV). 


All of the significant changes in intensity 2 74 
rate of tapping were in the directions previously reported to result under condi ; 
of delayed sensory feedback: intensity always increased, and rate always decreas 
(Chase, Harvey, Standfast, Rapin and Sutton, 1959). » an 

The fact that the pattern task is more disturbed by delayed sensory feedback por 
the regularity task suggests that motor events which are more complex in time 2 
more easily disturbed by delayed sensory feedback. In recent studies, we trie d 
determine how close to the threshold of normal hearing a delayed click could be 2° 
still produce definite changes in keytapping performance (Chase, Sutton, Fowler, F*- 
and Ruhm, 1961). We found that a click ro dB. above the threshold of no 
hearing produced little change in regularity-task tappin; i 
when the subject tapped in groups of three taps each. 
subjects were 


‘re required to ta 
delayed click produce 


subjects. This fin & provides further su 
are more complex i 


We have previ 


"ote 
o 
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Egon 1959). In di present study we observe that delayed light flashes and. 
yed tactile pulses produce the same qualitative changes in tapping (Table IV). 
It may be objected that the low-intensity click produced by discharge of the elec- 
tronic flash tube was responsible for the changes in tapping under this condition. 
However, we have repeated this experiment using ear enclosures which mask the 
click entirely, and subjects still show increased intensity and decreased rate of tapping 
when they are exposed to delayed light flashes. The delayed tactile pulses did not 
produce significant changes in rate of tapping; however, decreased rate of tapping was 
often observed under this condition. We feel that all of the delayed sensory feedback 
Conditions studied produce the same qualitative changes in keytapping: increases in 
intensity and decreases in rate. There was also a tendency to tap four times instead 
of three under all delayed sensory feedback conditions. Since the relative intensities 
of the delayed sensory stimuli were not controlled, we could not compare the relative 
amounts of change in tapping resulting from each of the delayed feedback conditions. 

; There is normally some auditory feedback associated with keytapping, and it 
Might be assumed that this type of sensory feedback normally plays some róle in 
learning this type of motor activity. However, light flashes and tactile pulses on 
the forearm are sensory events which are not usually part of the pattern of sensory 
feedback associated with keytapping. It would seem that the nervous system is not 
able to separate the delayed tactile and visual sensory input from the normal pattern 
of Sensory feedback used to monitor keytapping. The ability of such a wide variety 


of delayed sensory events to disturb pattern-tapping performance suggests that the 
emporally complex motor events are 


Sensory feedback systems used for monitoring t : noto 
Sasily distrubed by sensory events of any type which are displaced in time from the 
Od events being monitored. Ae e 
ere are significant correlations between the effects of 
Sensory feciback conditions on the rate of pattern-task tapping (Table VI). It Ri 
Seem that some individuals are more vulnerable to the disturbing influences o 3 
layed sensory feedback on keytapping regardless of the modality of the delaye 
Sensory event. 
So he original studies which 
v SOry feedback on voluntary 
€dback influences on speech. 


the separate delayed 


i ing influence of delayed, 
demonstrated the disturbing in 
motor control were done on the delayed a SS 
i is feedback system reve ree 
The studies on this fee y: e Sont 


major Changes in speech under delayed auditory feedback: (a) id RA RE 
qiensity (b) increase in phonation time, and (c) a tendency to peer: pa Hr 
um Previous study, we wished to determine whether auditory fee (Ch diri 
the ‘same type of effect on different types of motor performance P. Pai 
Standfast, Rapin e Sutton, 1901). A population of norm alisubjec= P 


: imi ditions of delayed auditory 
Speech task and a keytapping task under similar con cde ditor 


feedp in keytapping un 

ack. hanges in keytappIns i 

back were ws UM in pu as those produced in Ue d pr 

drei enr tris rte t aa 
We conclude We have just 


performances. 


© ta 
P four ti i f three. 

I imes instead o. ; motor 

jdely different mo ts can produce similar effects 


Produce similar effects on wide! e 
d above that a wide variety of delayed sensory eve 
N € same motor performance. pam 
; p eed ac. 
TÉ Rincon cause oe pet disturb the monitoring of 
i i e B H 
Vol ES mechanism might n ert sensory events frequently ove ud a 
With p? motor activity? The de?" nce. since the normal pattern o 
he successive units of motor perform: 
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itoring occurs simultaneously with motor performance, the 
aa " E might be pu De due to me e D b 
3 feedback information utilized for moni oring. 2 
NL ione sensory events disturb voluntary motor activity by o 
UN which are independent of distortion of normal sensory feedback pattern e| 
Se DIE for example, that the delayed sensory event is “utilized à PREE e 
nervous system as if it were part of the normal sensory feedback pa pu. 
delayed sensory event would then be interpreted as indicating a Wee RS 
performance, and a correction of motor response appropriate to such a de es. of 
then result. Since the delayed sensory event is actually not a correct que. PA 
the timing of the motor response, the resulting "correction" would (cum Ea 
disturbance of motor activity. The first mechanism noted above could be exor M 
by doing experiments on keytapping in which the delayed sensory events were A Hs 
permitted to overlap in time with a motor response. In such an experimen d 
delayed sensory events could not possibly distort the normal sensory fee ue 
pattern, and any disturbance in motor performance which resulted would have ind 
due to some other mechanism. We have discussed at greater length elsewhere 


possible mechanisms by which delayed sensory events might disturb voluntary motor 
activity (Chase, and Guilfoyle, 1961). 
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Experiments were performed to determine whether it is possible to discriminate which 


3 a ject 
eye or eyes are being stimulated by a point source of light in a dark room when the subjec 
is unaware which eye, if any, is occluded. 


There were two stimulus conditions, (a) a continuous source of light, and (b) a fd 
The results show that in these conditions discrimination is faulty and, in some instans ae 
at chance level, although there is considerable individual variation. The implication 


these results for the argument from transfer, as applied to after-effects, and the theory of 
depth perception are considered. 


INTRODUCTION 


Is it possible to tell if one is seeing with one eye or both, and, if one eye alona 
which eye it is? If it is argued that the response of "seeing" involves the whole 


organism, then the question may be reformulated as that of knowing which eye, OF 
eyes are being stimulated. 


This question is discussed by Helmholtz (1925). 
effect of transposing each retinal image to the corresponding points of the other eye 
which does result in a detectable difference. Helmholtz points out that our jud 
ments are influenced by experience, to the extent that objects in a part of the fiel 
normally seen by one eye only are always judged to be viewed by that eye, even when 


they are not, and he concludes, although giving no further evidence, that “without 


making a special experiment for that very purpose, we are ignorant as to which image 
belongs to one eye, and which to the other e 


1 ye" (p. 459). n 
In his notes on the chapter, von Kries quotes experiments by Brückner and Me 
Brücke which show mistakes can be made and particularly when both eyes are looking 
through separate black tubes whose apertures are fused stereoscopically (Helmholtz, 
1925, P. 492). However, these authors reject, for other and invalid reasons, t 
conclusion that discrimination is impossible. 
In normal conditions, the use of on 
other, implying that the subject know. 


It is distinguished from the 


€ eye results from the voluntary closing of s 
s what is the state of affairs. Even if he we" 
unaware that one e 


ye was occluded, the unusual, and reduced visual field might lea 
to suspect that this was the case. 


e 
: e open one, and the following experiments we" 
designed as a preliminary attempt to answer it. E 


Apparatus and Method EXPERIMENT I 


The subjects sat about 
: : 4 ft. from a 
the line of regard, in a total] 
on continuously. Ap ally dark room. The light, 


air of ian? Y 4 d 
before each of the 20 trials OPtician's test frames was fitted onto the subjects in the 


: e 
could be put in place, allowing the. 


ON KNOWING WITH WHICH EYE ONE IS SEEING 6 
Heg) 


right, left or both ey: i 
^ yes to remain unoccluded. T! i 
ae rer . The order of trials w. i 
d T arie QR The following instructions Sats mee 
1 o put this pair of spectacl x : 
e col 1 pectacles on you and ask you w] 
ES de ep one eye or both. I just want to know what os elm vec 
pail the Ero ur E, Closing one eye or moving your head r 
i xperiment. on't try t j à 
please close your eyes while I am putting eA en ; ust the epecinee QR 


If j ici 
a subject was myopic it was ascertained iftheimage appeared different to the two eyes 
Subjects i l 


Twelve subjects were tested, all but one being students of psychology. 


Results 


The number of errors made by each subject is shown in Table I. 


TABLE I 
DISTRIBUTION OF ERRORS BY SUBJECTS 
8 9 I0 II I2 
12 


Subject .. ES > 3 4 5 6 7 
No. of errors .. o I I 3 5 6 6 7 10 10 12 
The total number of errors is 73, and the average number is 6, and as there was 
ing at better than 


ari AREE z 
an in 3 chance of guessing right the group as a whole is performi 
nce level. However, the results suggest a considerable degree of uncertainty, and 


e last four subjects in particular are very little better than would be expected by 
ance (approximately 14 errors). 
Subjects 5, 8 and 11 admitted to different images i 
CIE myopic and did not have their spectacles; the image in one eye was more 
urred than in the other. Subject 11 had a “lazy” right eye and also felt the images 
Were very different in the two eyes. In spite of this their error scores are com- 
Paratively high. 3 
ti The distribution of wrong judgements for each of the thre 
on is shown in Table II. 


n the two eyes. Subjects 5 and 


e conditions of stimula- 


TABLE II 


or ERRORS BY EyE STIMULATED 


DISTRIBUTION 

T Eye to which stimulation veferred dd 

ye : 

stimulated R it R and L errors 
R t 3 28 31 
M S ^8 my 1 21 
R à s 12 pa 21 


nly distributed between 


were fairly eve I 
e, however, were nearly four times as 
re using the other eye. 


hat they we’ 2 
s many errors in the first 10 trials 


Es using both eyes error 

and left eyes. SU 

ly to think that they were using both eus d 
9 evidence of learning is show” there being 
ear ond bore little relation to per 

Indivi Y aried great! and bore e relation p 
fo, s dividual feelings of confidence Lari D E ]" when there was à patch in front of 
nce. Some subjects said they C 


9ne 
Sye, although they could not see it- 


the 
like 
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There is evidence that it is not obvious pn eye D responding to a stimulus when 
e open and the visual field has no boundaries. 
Hae areal performance is at better than chance, level, and there are ee 
considerable individual differences; these cannot be due to defects of vision acer aak 
the differentiation as subjects with this assistance were, on the whole, worse a, 
average. However, subjects were permitted to inspect the stimulus for as LM 
they wished before they made their judgement, and the temptation to move the hi 


slightly or to blink must have been great, especially for those subjects who expressed 
anxiety about the difficulty of making a decision. 


A suggestion made by Mr. R. Gregory (personal communication, May, 1959) was 
adopted, namely that the ex 


periment should be repeated with a very short stimulus 
duration, thus preventing the subject from “cheating.” 


EXPERIMENT 2 
Method 
The previous experiment was repeated, with certain modifications. The stimulus Ts 
a point flash of light, lasting o-o12 sec. It was presented in an apparatus designed E 
the study of apparent movement. The subject sat about 1 ft. back from the eye-piece t 
order to avoid knocking it with the test frames. The instructions were as before excep 
that the subject was told he would 


see a brief flash of light. He was warned when it Wwe 
about to occur by the experimenter saying, "Ready." The order and number of tri 
was the same as before. 


Subjects 


There were eight subjects, who were students or staff in the Psychology Department. 
Results 


The number of errors for each subject is shown in Table III. 


TABLE III 
DISTRIBUTION oF ERRORS BY SUBJECTS 
Subject v. oe T 2 3 4 5 6 7 8 
No. of errors .. fe 


The total number of 
last experiment, The s 


TABLE IV 
DISTRIBUTION or Errors By Eye STIMULATED 


i a 


Eye Eye to which stimulation referred 
r 1 Total 
stimulated | R L R and L errors 
| 
n i ; es — 6 12 18 
RadL | mH T | » 25 


ON KNOWING WITH WHICH EYE ONE IS SEEING IJI 


uli to the right eye rather than. the Jeft is more 


The tendency to ascribe stim! 
be due to a tendency to ascribe effects to the 


pronounced in this experiment; i 
dominant eye. 5 M 
. Subj i i 
aem ae 2 and 7 thought the images in the two eyes were a little different. Never- 
a AS ject 7's error score is still not amongst the lowest. í 
is experiment subjects tended to complain more that they found the task 


diffi j 
cult, only three saying they felt reasonably sure of their judgements; again these 
Questioning revealed the fact that most 


MM the ones with the lowest scores. 

ete making use of any possible extra cues. Some noticed that the point 

aa a se dienes in different positions on different occasions and tried to deduce 

n d Ww T eye was covered ; one confessed half-way through the experiment 

Sich pL nt he had been making the wrong deduction. Others tried to hear 

patch e of the test frames contained the cover. The observation that a black 
could sometimes be “‘felt’”’ in front of one or the other eyes was again made. 


Discussion 


The number of errors in this experiment is greate 


not as much greater as might have been expected if j 
ng success 


He dom. However, some subjects were maki 

M position of the stimulus and possibly from other sources. a 

eats Sum out in a different laboratory from before, and a small amount of light 

ES red by a window which might just possibly have helped the subjects to discri- 

a are the eye cover when they became dar There is in fact a greater 

SAA er of errors in the first half of this experiment than the 

first 27) suggesting that performance was improving, an i found in the 
experiment. It remains possible that if the experiment 

Proved, discrimination would drop to chance level. 


r than in the preceding one, but 
udgements Were completely 
ful use of information from 
The experiment 


ONS AND IMPLICATIONS 
ent and the preceding one that mistakes 
lated, particularly when the stimulus is 
esponses (280) made to stimulations 
periments, almost exactly one third 


CONCLUSI 
ka It has been demonstrated in this experim 
a n be made about which eye is being stimu 

Pplied to only oneeye. Of the total number of r 


to the right and left eyes separately in the two ex 


BS m error. 

. This finding has implications ior an argument in common U 
literature, i.e. the once from transfer. Tf one eye alone is stimulated, and the 
effect with the other eye alone, this is usually regarded 


Subject clai 

Y an after- one, : 
EE dues ntral However, the subject's claim to see the after- 
i -< in fact unable to discriminate 


as evi fect is ce in o 
S evidence that the effect 1 if I I nfluen: 

:. irrelevant if he 15 ‘ 

s ire i ascribed to the infiue ce of 


se in psychological 


e n 
E in the unstimulated eye ! asily be 
ch eye is bei imulated, and may more ee i 
ye:is bemg sum hes that what is seen is Seen with an open eye. The 
bearing on the discrimination of the 


E experience, which teac 
UN of the visual field woul a 
gin of the after-image- For the repo. i E idet 
erefore hav -ith at least a reliaD'y greater i 
Errors of E k re made, an hown not to be so (Pickersgill, 
1959). The question of whether an after-effect is purely central, or whether it 15 also 
©pendent a s y other means. 
The Beia Pua Eo e bel importance of one type of cue usually 
Considered to be playing 2 considerable part in depth perception, i.e. the stimulation 
9! points which ie Y ncorresponding in the two retinae with respect to the fixation 


meaning, it would 


r to have any 
than that at which 


must 
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i i ion is to have value in localizing the stimulus in space, the 
en a PRX E ics of the discrepant stimulations must be presuppose 
And in ihe light of the above results such a presupposition appears of very doubtfu 
Exo it may be that while one cannot say accurately which eye is kk 
stimulated, this information is in fact available to the nervous system at a lower TM 
One cannot for instance say which semi-circular canal is being stimulated by a uit 
change in head or body movement, but the effect may all the same be used to E. se 
body imbalance. Helmholtz asserts that while the difference between t e ° 
retinal images is normally imperceptible, it is nevertheless used in estimating one 
parative distance, and it thus remains a possibility that disparity cues are used t 
depth perception in spite of the fact that subjects cannot discriminate at a consciou 
level which eye is the source of information 


However, there is in fact evidence that disparity cues alone are not very effective: 
Vernon (1952) summari 


zes the evidence as indicating that such cues alone can anal 
give rise to knowledge of non-equidistance, and that even this may not be achieve 
if these cues are in 


conflict with others. Further information seems necessary for 
judgements of “nearness” and "farness"; 


; in particular, if all knowledge of s 
Surroundings is absent, as was the case in the present experiments, then dep 
localization is found to be extremely difficult, even though disparity cues are present. 
greatly indebted to Professor M. A. Jeeves, under whose supervision 
S were carried out, to Profess 


or G. P. Meredith for providing laboratory 
Mr. Richard Gregory for helpful advice and discussion. 
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HANDEDNESS, EYE-DOMINANCE, AND IMMEDIATE 
MEMORY 
BY 


H. SAMPSON and P. SPONG 
From the Psychology Department, University of Auckland, New Zealand 


ents varying in handedness and eye-dominance recalled 
ditions: (1) when the same type of 
when a different type of digit was 


Twenty male university stud 
Conventional and unconventional digits under two con 
digit was projected simultaneously to each eye, and (2) 
projected simultaneously to each eye. 

Forty trials were given, each consisting of four pairs of digits with a different numeral 
Projected to each eye. Performance was analysed in terms of percentage recalled correctly 
and time of onset of each response. 

Right eye-dominant groups, particularly a right handed and right eye-dominant group, 
Were superior in both accuracy of recall and speed of response to left eye-dominant groups. 
Least able in recall were left handed, left eye-dominant subjects. Superiority of right 
iis dominant groups was especially marked when a different type of digit was projected 

‘© each eye. 

In otra with results reported by Broadbent for the ears (1956, 1957), other results 
Suggest it is possible for the eyes to operate simultaneously as independent information 
Sources. However, unlike the case for audition, present subjects did not report all 
information from one eye before that from the other, but gave it in pairs. It seems that 
the capacity of the eyes to function independently depended upon eye-dominance and 
andedness, while serial ordering of responses reflected imposition of an habitual response 


Organization. 


INTRODUCTION 
has demonstrated for several combinations of 
neously presented to two sensory 
hannel before any from the other. 
theories of immediate 
f behaviour be shown 


Broadbent (1956, 1957, 1958) has Cem 
Sensory modalities that if information is simulta: 
Eanes individuals typically report all m me E Pt 

€ has a c 8) implications of this finding 
n dens fore that this mode o 


Memory, It would seem essential there : b 
to be Adractertstie of response to visual stimuli alone, because of the dominance of 


TL A i t experiment. 
Vision in 's behaviour. This was one reason for the presen 

Recent neurophysiological observations indicate that the ae E pey 
an important rôle in memory (Penfield, 1958). don T ie E as 
€xamination (1958) of temporal-lobe patients has suggest© 


ripe 2 : mory, whereas the minor temporal lobe 
hs Be P E E ou ed Such observations suggest the 
Ti 
e concerned Wl P "ation between 


sual identification. STE A 
Possibility of demonstrating @ 1 3 ipd oe m ns E 
Immediate memory in the “intact” subject. This was the se p 
experiment. mS E iron 
i -perimental groups differing in han n do 

M oeine qur eme vant digits under IN RN e E 
bisected the visual field and projected different qe us quA ae mo t 

Nswers were sought to two specific questions: (2) a e ea n don a 
taneously as SA H information sources E OMEN ap ing ut Ru wi 
Organizations? (2) Is speed and accuracy of recall relate! 


Sye-dominance? 
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METHOD 


j i i vere s i 1] groups on 
is. Twenty male university students were separated into four equal gro 
AUR RR (determined by questioning) and eye-dominance (determined by. 
the finger-aiming test). These groups were designated: RR (right-handed and rig 


eye-dominant), RL (right-handed and left eye-dominant), LR (left-handed and right > 


Je- inant), and LL (left-handed and left eye-dominant) respectively. y 
NUS E A A load automatic projector was connected to two i 
timers which were in turn linked to a milliammeter. These arrangements permitte: 
control of stimulus duration and intervals between successive stimuli. These intervals 
were recorded on the milliammeter by a chronograph pen attachment. m 

A standard tape recorder was used for the subject's verbal responses, the timing of 
which were recorded on the milliammeter by means of a throat microphone connected to 
it via an amplifier. 

A binocular viewer, 3 ft. 6 in. x 6 in. x 3 in., was painted matt black, with a centre 
division down its length that effectively bisected the visual field. There was a day-view 
Screen across the end of the viewer upon which stimuli for each eye were projected. 

Conventional and unconventional digits (Lansdell, 1954; Foley, 1956) were used as 
visual stimuli. These were mounted on 2 in. x 2 in. glass slides, in pairs, in three com- 
binations as follows: 

(a) 20 random pairs of conventional digits ranging from o to 9; 

(b) ro random pairs of unconventional digits from 2 to 9; 


(c) 12 pairs composed of one conventional and one unconventional digit. Trials in 
which both types of digits were used on each slide were so arranged that each time 


either a conventional or unconventional digit appeared on the left it was balanced 


by the same digit on the right usually in a different trial. The projected size of 
each stimulus was § in. 


Procedure. In a pre-experimental session each subject encountered a random series 
of Io unconventional digits ranging from 1 to 9 that were projected twice to each eye 1n 


turn and identified by the experimenter. The timing of these presentations was variable. 
Two further presentations to e 


1 ach eye followed in which the subject was required to 
identify the digits. i j D 

Inthe experiment proper that followed immediately, each subject was given 4o trials 
Each trial consisted of 8 digits projected in 4 pairs, one digit to each eye. The digits 
composing each trial were pre-determined, and particular trials then selected at random 
in advance for presentation to each subject. 


0-3 sec. and the interval from the end of each pair of stimuli to the onset of the next pair 
was 0-9 sec. Inter-trial intervals were vari 


; t iable but of the order of 60 sec. 

The subject was instructed that after each trial he was to call out all the digits he could 
remember, in any order, as soon as possible after a red 0:3 sec. flash on the screen that 
followed o:9 sec. after the fourth pair of digits and terminated every trial. 

There were two experimental conditions: (1) one in which the same type of digit was 
Projected simultaneously to each eye, and (2) one in which a different type of digit was 
Projected simultaneously to each eye. The 40 trials were as follows: (a) a different con- 
noa digit projected to each eye (ro trials); (b) a different one of the unconventiona 
ts s projected to each eye (ro trials); (c) a conventional digit projected to one eye and 4 

Iiterent unconventional one to the other eye (20 trials). In (c), the trials were so arrange 


that the same number (40) of convention. i d ; 
al and ji to 
each eye as in (a) and di e. UP E HUY digits were roja 


The duration of each stimulus pair was 


m RESULTS 
dat: T = 
A ata Mese transformed by the formula: Angle — Arcsin 4/Percentage before 


Performance was assessed in terms of s 


ee — E 
——————————————  — 
———— ee 
i mre a e 
umm ell ox ms a 
OE T e 
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timing o 
g f the first response alone. It was therefore treated as a separate response 


category. 
When the same £ igi j 
type of digit was projected to each 
m ch eye, com i igi 
E. Bee more accurately (83:4 to 67:5 per cent.) and more Copia on MEE 
e average than unconventional ones. On the other hand vum à p ecd 
h eye, conventional ones were still recalled more F 


a digit was projected to each 
ha i 
n unconventional ones (81-1 to 76:4 per cent.), but both types were reported at 


the x i 
same speed (X = 0°63 sec.). The differences between conventional and uncon- 


ventional digits were statistically significant (Tables I, II, III and IV) 


TABLE I 
Eg or Digits RECALLED CORRECTLY WHEN THE 


ANALY: V. PE 
NALYSIS OF ARIANCE OF ERCENTAG: 
s PROJECTED TO EacH EYE 


SAME Type or DIGIT WA 


Source of variation SS df | MS F 
Groups (A) j 
U A E e : 560-0 86:7 : 

Subjects in the same group -- arog i M r39 (n5) 
al SS between subjects -| 27995 19 
pee for eyes (B) n 4 OI I OI 
A oa digits (C) -- 1. 115:239155 I 2391°5 50:77*** 
h.c s HE ES gis 582:5 3 1942 412* 
dc jd T aa 46:5 3 15:5 = 
A os ae ee ba 8:8 5" 8-8 = 
ey Boc was M: vs 247 3 8:2 = 

oled subjects x conditions. - 2260:9 48 471 
Total within Subjects - ..| 5315'9 60 
Total SS .. "n 2 ..| 80245 79 

level of confidence. 


* Significant beyond the 0:05 


*** Significant beyond the o-oor level of confidence. 


TABLE IA 
PERCENTAGE OF DIGITS RECALLED CoRRECILY WHEN THE S 
PROJECTED TO EacH EYE 


Dicir WAS 


hich digits were projected 


AME TYPE OF 


Eye to w 
Group Left eye Right eye 
b 643 
bia 78 
RR Pk A 778 85:4 
PE Rb Mt 766 771 
RL ác 7r4 756 
e in percentage of digits recalled correctly of 
difference in 


There «+e cant differenc : 
E lere Table I). but there was à highly significant 
ach eye (p «oor, Table I1). 


those pro; 

projected to each eye ( : 4 
Mean speed of response r "sits associated with each ; 
t igits projected to the right eye W rapidly than those projected at 
he same time to the left ey Further, both pe disclosed à 


rformance indices 


176 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


i i -05, Tables I and II). This interaction 
Le es X Groups interaction (p —0:05, Tal i i 
ee E speed and accuracy of response with handedness and eye-dominanc 
SES extent contingent upon the eye to which a digit was projected. 


TABLE II , 


ANALYSIS OF VARIANCE OF MEAN RESPONSE ONSET TIMES WHEN THE 
Same TYPE or Dicir was PROJECTED TO EACH EYE 
n eae a ae a PR 


Source of variation SS df MS 19 
Grogps(A)  ..  .. 9531-8 3 31773 2:27 (n..) 
Subjects in the same group 224404 16 1402:5 
Total between subjects 31972:2 19 ER 
Recall for eyes (B) 16875:2 I 16875:2 46:695 
Recall for digits (C) 100374 I 10037:4 ENE IIA 
ADB I. Bs 3691-2 3 1230°4 3:40 
AxC 223:8 3 74:6 MA 8) 
EXC) &! 905-2 I 905-2 2:50 Baer 
ARABE C T P «| 213631 3 712-0 1:97 (1.5. 
Pooled subjects x conditions... 17345:5 48 3614 
Total within subjects 512144 60 
Total SS .. 83186-6 79 


* Significant be 


yond the o:05 level of confidence. 
*** Significant be 


yond the o-oor level of confidence, 


TABLE IIA 
MEAN TIMES FOR ONSET OF RESPONSES WHEN THE SAME TvPE or DIGIT 
WAS PROJECTED TO EACH EYE 


Eye to which digits weve projected 


Group Left eye (sec.) Right eye (sec.) 
RR 0:60 0:37 
LR 0:76 0:49 
LL 0:83 0:69 ' 
RL 0:99 0:47 r 


rue nm S 


2 A more detailed inspection of these interactions 


erences in accuracy were less marked for recall of di 
than for recall of digits proj 


the left was very simil. 


t 
Ip 
in accuracy of reca 
| ile being left ee, that being right eye-dominant aided recall in the E 
group while being ]e er hindered recall in the RL ES 4 
as also faster than the LL group (Table ITA) in response to 
from both left and right were not so confined to the right 


ting 
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y TABLE III 
VALY RU ` 
ANALYSIS OF VARIANCE OF PERCENTAGE OF DIGITS RECALLED CORRECTLY 


ii, 


WHEN A DIFFERENT TvPE or DiciT was PROJECTED TO EacH EYE 
Source of Variation SS | df MS i s 
Groups (A) | 
L A zs sts Ss 14335 i S 
Subjects in the same group  .. ia i 2s Td 
Total between j 
subjects «us 3015: I 
eo for digits (B)  .. » yr I i 214°8 4:48* 
in gil for eyes (C) ^ s. 6r I 611 1:27 (n.s.) 
HE 2 T 38 403 3 13:8 - 
p.c 186-9 3 62:3 1:30 (n.s.) 
I cos 16-1 I 16-1 Aes 
XO orci] atts | o 73 F 
-o0led subjects x conditions ..| 2302-0 48 48:0 
Total within subjects .. vs 2904°7 60 
Total Ss .. os 6s 2191592014 wt 79 


* Significant beyond the 0-05 level of confidence. 


TABLE IIIA 
IGITS RECALLED CORRECTLY WHEN A DIFFERENT 


PERCENTAGE OF D 
s PROJECTED To EAcH EYE 


Type or DIGIT WA‘ 


Conventional digits Unconventional digits 


Group 
RR 88-3 85:8 
DR vs v me 81-2 776 
RL fd 81-0 725 
E - | 684 


TABLE IV 
cE or MEAN RESPONSE ONSET TIMES WHEN A 


ANALYSIS 7. 1 
OF VARIAN E 
: Dicir WAS PROJECTED to EacH EYE 


DirrERENT TYPE OF 
F 
Source of variation SS af MS 
S ups (A) ..| 112692 3 37564 3:25* 
jects in same group ; 185081 16 115 
Tot 
ecan between subjects 297773 Ae 328 de 
Recall d Seite (B) E - 114338 gouge" 
EE gm O nove E 3 noe = 
Rin. Sut Co ENSIS 3 d EN 
3 TENER T En e 333 I 333 Re 
Ec o co ERST d 2008 
Sd subjects x conditions..| 7143997 4 
ot; E 
T SUwithinsubjests ..  -.| 271723 E 
otal SS F 369496 79 
el of confidence. 


te 
Signi lev 
*&4 Plgnificant beyond the 0°05 e fidence. 
lgnificant bevond the 0:001 level of con. 
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TABLE IVA 


MEAN TIMES FOR ONSET OF RESPONSES WHEN A DIFFERENT TYPE OF 
DIGIT was PROJECTED TO EacH EYE 


————————————————— 


Eye to which digits were projected sj 


Group Left eye (sec.) Right eye (sec.) / 
RR js ne 0:52 0:35 
LR dn ae 0:75 0:52 
RL 25 DE 0:83 0:52 
LL on ost 0:88 0:64 


from being left eye-dominant in the RL group when its performance was contrasted - 
with that of the RR group, was here even more marked in speed of response (Table 
IIA), especially as it was slower even than the LL group. 

When a different type of digit was projected to each eye, the RR and LR group? 
recalled more digits of both types correctly than did the RL and LL groups (Tables I 
and IIIA). Further, when groups differing both in handedness and eye-dominance ] 
(RR vs. LL) are considered, this trend was very pronounced (t — 2:59 for convention 
digits, and 2-72 for unconventional ones, f «002 in both instances). As a conse- 
quence of the speed increase associated with unconventional digits under these 
conditions, and the slowing of response to conventional ones (see above), differences 
in speed, unlike those for accuracy, did not depend upon £ype but more upon origi" 
of the digits. When each eye is considered separately, information from the left eye 


is seen to have been reported most rapidly by subjects who were right eye dominan" 


Though somewhat less marked, similar results were shown for digits from the 08 d 
edd 


Mee IVA). Thus, when a different type of digit was projected to each eye, SP 
and accuracy of response again depended upon handedness and eye-dominance. 


4 TABLE V 
EAN Be SSUENCY WITH WHICH First RESPONSES WERE IDENTIFIED WITH A PARTICULAE 
YE WHEN THE SAME TYPE or DIGIT was ProjEcTED ro EacH EYE! 


| Conventional digits Unconventional digits 


Group Left eye Right eye Left eye Right ey? 
R , 
AR e zt d 10:0 0-0 9:6 04 
mug C on 94 0:6 9:2 o:8 
SD EY ba 94 o6 :9:2 o:8 
Su e E: 10'0 0-0 9:2 : o:8 


5 7 
Maximum value possible in any category = 10-0. 


Tt sh S AEN f 
Em Padi ome in mind that the first response on any trial was not only sow 
jected to the B us {he remainder but was almost invariably a digit Por 
duni ye (Tables V and VI), and this was independent of handed?" gt 


; In constrast POS 
was a function of handedness TA ee ee of reporting subsequen 
Supplementary ang] Dance 


Pears jo? j 
digits recalled correctly VE bs the mean percentage of unconven Poi 


When an unconventional digit was pe 


RSS ON 


a 


c 
257) that the ears can function 17 
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TABLE VI 
MEAN FRE : 
ZAN FREQUENCY W > 
Pose W DA CH First RESPONSES WERE IDENTIFIED WITH A PARTICULA 


| 
| Conventional digits | Unconventional digits 


Gr | i | 
roup | Left eye | Right eye | Left eye | Right eye 
e MEO a 
» n 2 ^ 94 | r 

LR Ur dis T g'o | o:8 | 8-8 | Sy 
IL EE E P 9o | r6 | 8-0 | 144 

dc n P. 9:6 | o:8 | 9:0 | 0:6 

| | 


NES. 0 0| Sd o eee 
! Maximum value possible in any category = 1070. 

to the other was significantly better (p <o-00r) 
in this case both unconventional ones) was pro- 
e mean recall was 67:5 per cent. correct. 
] digits recalled correctly was almost 
d 82:5 per cent. respectively. These 
e-dominance differences. 


ene F and a conventional one 
OMA en the same type of digit ( 
i Lo o each eye. In the latter instance, th 
ae onstrast, the percentage of conventional 

ntical under both conditions being 82:3 an 


ie are independent of handedness and ey 
inally, responses were typically reported as single digits grouped temporally in 


E with information projected to the left eye reported consistently first, and 
gnificantly slower than that for the right e der both experimental 
conditions. 


ye for all groups un 


DISCUSSION 
as the supe 
R group, in both accuracy of recall and : 
dominant groups, especially the LL group. In recall this 
d unequivocally when the same type of digit was pro- 
espect to digits projected to the right eye, performance 
9n the left being similar in all experimental groups: However, when a different type 
he weakness in recall of the left eye-dominant 

pparent in both eyes 


E = 
iubjects, particularly those who were left handed as well, was a ! 
recall both newly learned (unconventional) and 
The results for speed are in 


urately- p i 
kat hat speed of response differentiates 
etween th Response was slower for information from 

e groups even more SP l than right eye- 

€ left i “dominant groups Were slower than right eye 

Nn all groups, but the left eye-¢° ; ee in response to digits projected 
[ét and cient ane p at further experimental study of — 
Telations pet ua ES inance, and immediate memory using the . 
Present techni PA AES ‘eld. patterns of behaviour of use subsequently in neuro- 

hysiological ds dy d d relations between temporal lobe function and memory 

(3 

"field, 1958; Milner, 1958): 


riority of right eye-dominant 


this experiment W: 
speed of response 


Ero One major outcome of 
um Ups, particularly the R 
mpared with the left eye- 


rd with Broadbent’s findings (1956, 
as independent information sources. 


e results am in acco’ 
tween vision and audition in 


S i 
Peaking generally, thes ] noun; 
mportant difference be 


ectly: 


Ow, 
the AMA they also suggest an ! 
ering of digits recalled corr 
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In agreement with Broadbent's conclusions are the two significant interactions 
reported here between amount remembered from each eye and handedness and ue 
dominance; and between speed of reporting information from each eye, handedness 
and eye-dominance. The same trend is suggested by the significant difference 
between the groups in speed of response associated with each eye when a different 
type of digit was projected to each. In principle, then the eyes seem able to function 
independently as sources of information. : 

The need to restrict the generality of Broadbent's conclusion based upon auditory 
stimuli is seen in the fact that present subjects did not report all information pro- 

jected to one eye first. Rather they almost invariably reported information pro- 
jected to the left eye first. Responses were also reported singly but grouped tempor- 
ally in pairs with information from the left the slowest in each pair. At first glance 
this might suggest that differences attributed above to differences between the eyes 
as information sources might well be accounted for in terms of an habitual left-right 
response tendency originating from reading habits. This cannot be so because 
differences between the eyes in speed and accuracy of response were associated with 
handedness and eye-dominance, and moreover, the right eye material was recalled 
more accurately than the left. The capacity of the eyes to function simultaneously 
and independently therefore seems to depend on eye-dominance and handedness, 
while serial ordering of responses depends on response mechanisms associated with 
vision that seem more stably organized and stereotyped than in audition and to 
reflect both temporal and spatial features of the stimulus field. The possibility of 
such an habitual response tendency could account for failure of these subjects to give 
all information from one eye first. 

In passing, it is worth recalling the fact that though the same general trends were 
shown in the case of the overlearned and newly-learned digits, there was one significant 
exception. This was that newly-learned digits were recalled better in the mixed 
presentations with a conventional digit projected to one eye and an unconventional 
(newly-learned) digit projected to the other than when the same type of digit was 
projected to each eye. This was not the case for conventional, overlearned material, 
it will be remembered. A possible influence of shifts in attention from one "channel 
to the other in recall is suggested here. 

One final point. Tt is common experience in binocular viewing that a person may 
be dominant in one eye and yet this dominance be subject to momentary fluctuation: 
Variations in speed and accuracy of recall with eye-dominance suggest that shifting 


dominance may be one mechanism by which spatially distributed cues come to "d 
organized serially in memory. 


This research was supported by a grant-in-aid from the University of New Zealand. 


REFERENCES 
BnoapnzNr, D. E. (1956). 


GO TER Successive responses to simultaneous stimuli. Quart. J em, 
BnoaApBzwrT, D. E. 57)- i i F 
Gb: Reychel a 0507) Immediate memory and simultaneous stimuli. Quart- J 
ee ee (oe Ware e cru and Communication. London al 
EY, EAT. 56). valuation of igi i si ur 
_set. J. appl. Psychol., 40, eae digits and comparisons with a convent! 
ed H. (1954). Effect of form on legibility of numbers. Canad. J. Psychol. x 
MILNER, Brenda (1958). Psycholo; 


i we £5; 7 
Pub. Ass. nero. ment. Dis., PU effects produced by temporal lobe excision- R i 


: E 244-57. 
PENFIELD, W. (1958). Functional localization i í fus: 
Pub. Ass. nero. ment. Dis., 36, NATUR in temporal and deep Sylvian areas. 


A COLLIMATOR,STABILIZING SYSTEM N 181 


APPARATUS 


A COLLIMATOR STABILIZING SYSTEM FOR THE 
RETINAL IMAGE 


BY 


R. M. PRITCHARD 
From the Physics Department, Reading University? 


target as closely as possible, continuous 
tional displacements of the retinal image. 
hese movements in the visual process, 


In order to study the functional importance of t 
iate ini i i zed retinal position have been reported. 
th € limitations of each experimental technique impose restrictions on the type of problem 
he can be investigated. A method of producing a stabilized image is here described. 
T i Simple, cheap to construct and yet overcomes most of the limitations of the methods 
eterred to below. 
ion (Ditchburn and Ginsborg, 1952; Riggs 


The optical lever methods of stabilizat 
Cornsweet, 1956; Krauskopf 1957; Clowes 


d al, 1953; Ditchburn and Fender, 1955; l 
nd Ditchburn, 1959) can only compensate for rotations about two axes simul- 


taneously. The earlier stabilizing systems in which the material forming the targets 
3S directly attached to the eye (Ditchburn and Pritchard, 1956) have severe limitations 
‘ince the variety of possible forms of target is restricted. The same limitation applies 


19 the systems in which the internal structure of the eye is imaged on the retina (Ten 
Oesschate, 1954; Ditchburn et The high power contact 


al., 1956; Ratliff, 1958). I ae: 
ns methods (Mackay, 1957; Pritchard, 1958; Ditchburn and Pritchar 4 9 x 
nable more suitable forms of target to be used but the poor optical quay 5 
igh power Perspex lens affects the quality of the retinal image. A an SERE 
™Provement is achieved with the replacement of the Perspex lens by a goo! m i y 
ps lens (Yarbus, 1957). The required use of anaesthetic and the taping back o 
© eyelids interfere with the normal state of the subject. 
In the method to be described, a high power glass lens of ion M RAMS E 
“Aromat, although a simple double convex lens has Ep m s Ta 
) is cemented inside a thin-walled seamless round à dowd 


mt i i t to be viewed rests on 
à X aluminiws all e cn i pae fit to the lens support tube. The 


al ed al "n" * 

i m : 

Dd producer is ERAT bio the focal plane of the lene abe vi a 
H HE 1 

© tubes are sealed in this relative positon a. 1 to a thin disc of 


ame i is attached norma 

me internal diameter as the lens SUP object produced secures 
ape) ject P 

the : 


Usin ; ii 5 E 5 
D. po e Mr Es 1) and also pee the illuminating system. 
: om 

to € Source of light is a miniature surgical bulb and sean. diameter aperture is located 
ete arte et up te pret PRE is cemented to a 3 mm. diameter 
e su ollimator =)... x c toa 
n PRIM Es pu nen D pall-socket joint on a Perspex ot a tne 
act lens eR He eae variation of the location © e imag 

. con 


lylo 
Con. 
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possible by the rotation of the ball in the Perspex socket. The test object is chana i 
by unscrewing the top cap, replacing the circular photographic disc by anot: Be ane 
rescrewing the cap. The new target is immediately in the focal plane of the hig 
power lens. The collimator has a total mass of 0-27 gm. 


FIGURE 1 


Diffuser Lr niae lamp 
Ss 


Target 


Aluminium tubes 


Contact lens 


5 ree taped to the forehead is in series with a 3-volt d.c. supply and a rheosta* ; 
"Is pepe unuous variation of the luminance of the field containing the targed 
on the eye Dow may also be viewed against an illuminated screen which is not coe 
diffuser A circular disc of coloured filter may be inserted between the target NL 
T experimentation with monochromatic images. 


In common with nil 
most st 1 w 
movements of the eye, abilizing systems a contact lens is used to follow * 


The contact lens worn by the subject must be a tight-fitting | 
one, ground to correct for hi E v J the 
subject is located at infi or his ordinary visual defects. The target as seen PY 


nity by viewi imati a 
fore be seen in focus with E Rape) "EDEN : 
The system described ab 


i i ' pili- 
: ove is capable of horizontal, vertical and torsional $2 pe 
zation over a very large field. An accurate determination of the focal length ° y 


the 
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glass lens i i 
i E P 2 ee only when the collimator is first constructed. No subsequent 
do eyelids ace system is necessary. The use of anaesthetics and the NES Uc 
are not required. The target can be changed during an erst 
ly portable and hence the method 


The pri 
lE pa components of the system are extreme! 
Nucl E en to other investigations. The system is cheap and simple to 
. In this apparatus, the target is viewed with an effective magnification of 


about : 

an ete a ris of 04 mm. at the target represents 2° and a distance of 

producing small in. of arc in the visual field. The apparatus is thus not suitable for 

e iia images of very fine definition for some experiments on the central 

D ldofa oh oes not permit continuous variation of the target as in the bipartite 
photometer. Itis, however, suitable for a wide variety of experiments and 


fo TRES 
n d its simplicity and convenience are very valuable. 
the retina pidan: changes in the lens of the eye can produce very small shifts of 
ate Re ted e ter compensation by an optical system. These astigmatic changes 
1959). The bis accommodation changes and occur continuously (Campbell e£ al., 
condition i y disappear, however, when a subject views a target at infinity. This 
hication) i s satisfied by the collimator stabilizing system. Gregory (private commu- 
changes 3d suggested that homatropine could be applied to prevent accommodation 
of a red and an aperture stop be added to the system to overcome the related problem 
uction in image quality due to pupil dilation. 


Fender for helpful sugges” 
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BOOK REVIEWS 


i i i h and William K. 

ies i th tical Learning Theory. Edited by Robert R. Bush a Bd Y ; 

Se Mn header, Oneida University Press (for Stanford University Press) 
1960. Pp. viii + 432. 92s. 


d " 

This book is a collection of twenty papers written by fifteen authors pi oE 

attended a Summer Institute at Stanford in 1957. It presents an integration an e ion 

ment of a certain kind of learning theory which has received more and more hy ATE 
during the last ten years. It has the advantage of a fairly consistent use of sy 


: r 
throughout, though some of this advantage has been lost by there being no glossam ae 
index of symbol Also a notation which permits the concise reporting of the 


Í 1 
sequence of responses in a learning situation has been adopted and some expen 
results have been given in full. Such results could be of great use to those wor rach oe 
theories of learning whether or not they agree with the approach of the authors 0 
papers; a " <ii 3 to con- 

This approach is briefly summarizéd-below. The authors restrict RIO E. 

sidering the sort of learning that occurs when a subject is repeatedly exposed to t e fter 

ituation, in which he must choose one from\a finite number of possible respon s 
eai i ‘of these responses is reinforced. Gradually the response 


is tO 
reinforced most frequently comes to be made more and more often. The probe 
describe in detail how this occurs, and the answers attempted here depend on the fo! 
assumptions :— N 


| 
i e 
Hyobserved change in behaviour must b 


S the 
cements that occur; thus a record on 25) 
responses and reinforcements comprises the whole.of the data from suci 
experiment; ~ 


^ 
(i) since the situation is always the same t! 
the result of the responses and reinfor 


E 
Jedge 
knowledge of the first n responses and reinforcements musMigply some knowled£ 


is 
of the response which will be made at the (n + 1)th trial. This knowledge 


1 n 
expressible in terms of the probability, for each response, that it will be mange E 
the (7 + 1)th trial and these probabilities are functions of the preceding resP 
and reinforcements only; 


"1 xt; 

(ii) the probabilities attached to responses will change from one trial to the ore 

from a single subject only one observation can be obtained at each trial; ther eso 

it is, if not desirable, at any rate almost always necessary to estimate 

probabilities from the performance of a group of subjects; UNS 

(iv) the probabilities associated with any trial sum up all the previous history; E 
not necessary to know how they arose. Thus the change in probabilities ie, t 
nth to the (n + r) 


; th trial depends only on the response and reinforceme?" y 
trial 2 and the relation between them can be described by an equation conta 
constant parameters. This is the independ 


3 1 
à ence-of-path assumption 49€ 
adopted mainly for mathematical convenience; 


(v) as a first approximation the equation in ( 


iv) may be taken to be linear. 
Not all the 


16) 
For instance, Sternberg (Chapt! 9) 
Bush, Galanter and Luce (Chapter 18) 


eng CU, 
E occurs seems to produce a learnin: E qnot 
g the results of a set of subjects, and Sm se 
h curves, the criterion of adequacy me TM fA 
model can reproduce the "'fine-grain struc f er 
cs. „The fine detail of the data is described by the number 04 othe 
T of errors, the number of alternations 4” 


| 
{ 


1 
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Similar isti : 
uen i ane the expected values and variances of many of these are calculated 
fausa wn d. p ed Ee imagines some Nery. complicated and tedious AUS ES 
models is made by way ; moreover, in Chapter 8 a formal exposition of li 
3 y way of set theory, Borel field: d the K iy d 
and this may well daunt y, Bor s and the Kolmogorov probability axioms 
Em otata and mi non-mathematicians. Is it worth a psychologist's while t: 
athematics needed to und is? iv ileto masies 
math ` e J erstand all this? In any ca: DV 
ematical guns be brought into action until we are certain edd e is 


the right direction? 

. It seems pertinent to ask what a i i i 

E. J ask) psychologist requires of a theory of learning, rt ict- 
cold Sc ed to learning in a two-choice situation as the book alee does on toate 
EET T 23 as in his mind the results of a variety of learning experiments; a suitable 
with Y E organize these results into a sort of map which must agree in broad outline 
with no already obtained and predict reasonably well ou ew experiments; 
Mus isis od fit in great detail but this is generally too much to ask at first. Itison 
ES D of VE the data in a general way that the linear models prove inadequate, 
Polis, ra n hapter 14, the clearest and most stimulating chapter in the book. The 
E dns d discussion included in it make clear that learning at the beginning of an 
find nt proceeds much more slowly, andextinction proceeds much more rapidly 
nd models predict; also, there is a daily recovery effect when trials continue ovi 
ns a ays which impels the authors to say that “all the path-independent models 
isi jected before they are applied." Thus the fourth of the-assumpti Y 

nvalid. The authors suggest that thé problem of daily recovery should be avoided by 


Change in the experiments; this would mean that the theory was that much less valuable 
eatest difficulty, however, lies in the slow- 


Pong it might still be worth having. | The gr 
de. of initial learning, which they attempt to deal with by pretraining. Should initial 
ning be regarded as somethin er than learning in order to make the theory fit? 


Ori H 
r is there something wrong With the other assumptions? 
sumption, for all its attractive air of scientific 


tie u 2^ reviewer believes*that the first as: 
maaan ment, is misleading; it persuades the theorist that experiments which can be 
EÀ rded in the same way are of the same kind and can be described by essentially the 
e formulae. There is unfortunately one thing about the experiment that such 
quences do not record and that is the amount of information given tó the subject. 
‘here are three main experimen d in this book: the two-armed bandit, in 
Which the (human) subject is told th e correct key; the two- 
armed bandit, in which the subject here, for all he knows, 
1 t; and the 'T-maze experiment, for rats, in which food 


oe keys or neither key may be rig e T-n 5 
Ee in one arm at each trial. The question 15, what sort of probl c 1 
ject in these three experiments. In the first the subject may believe it possible to 
earn which is the better response OF fri vith gambling devices, 
reine not; in the former case he may 1 
Nieeorcement schedule with one side rein 

Ppose that reinforcement 1s ra 


Correct. i i i 
rect. I: a lomness 1S a: ; 
n either case, if rand ini d and white b: 


at will be drawn, and the ball being 
y the subject to find a pattern would 
ightforward experiment 


cing asked before each trial to gu 
Since an attempt b 
hatever colour has so far 


nause mu i icati his is in fac 
ich theoretical complication, this i: ; 
E one, moreover, for whic : bes opted Bi pg 
ured m is seems to have bee à 
moet pue A pus 7 deviation from the pest strategy must be due to curious 
ee ds ideas about randomness which could be exp. 
al number: ;hite balls. TR 
_ The bed E Md e assuming that the subject believes that eres is anette 
eee ee 
Oporti 4 ach trial the S t 
all is obe p Puy E Ee a if the ball is rec, iek Ta mnst le s 
e urn in EBIC " re is a larger prop : 1 5 stra ne 
&sberiment is Vo Ro mens obvious an the se eon m hat 
Cs experiment because at each trial he £2 for M SMS 
aim eriment is in some ways rather ae Be 
$ fives information only ape eh s the "food there it is emp 


€ rat chooses the correct arm an 


only one urn. The i 

5 ] the rat 
is an additional complication. 
it i ty of food when he 


' when considered in 
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JAA EM - it. No 
it; if he chooses the wrong arm it is likewise empty of food w hen he leaves it. D 

ney cm the rat that there is ed somewhere in the maze at each trial. The best eno 
even the most reasonable rat could do would be to make decisions in terms of M c 2: 
replenishment. To begin with, this would lead him to avoid the arm that Had RE. 
visited most recently; later, he should learn that food is replaced more rapidly in E 
arm than the other. This supposes that the rat recognizes that it is the same maze sae im 
time; Galanter and Bush (Chapter 14) in fact found it necessary to give considera b: 
visual cues which presumably supplied this information. If these experiments. As 
discussed in terms of stimulus-response connections they seem to be almost identical; 

terms of the problem presented to the subject they are seen to be very 
ht from anthropomorphism would seem to have gone too far. 


en made of the possibility that a subject might have previous expen 
es; similarly a rat must have had experience of the rate of recurrence o 

rience implies a criticism of assumption (iii), that subjects uncer 
ment may be regarded as equivalent to each other. Learning need no 

only take place in an experimental situation; the su 5 
corresponds to prior probabilities or degrees of belief about the conditions he may en 
counter. The experiment described in Chapter 2 (p. 58 


different. The flig] 

Mention has be 
of gambling devici 
food. Such expe 
the same experi; 


reasons, at least, why this probability might hay. 
have no knowledge about the situation, as at the beginning of an experiment, or he may 
have the firm belief that reinforcement is random 

of an experiment with such a reinforcement Schedule. Clearly, probabilities of response 
are not in one-one correspondence with states of mind, yet the state of mind may affect 
the way in which probability changes. 


vant is surely misapplied. (It appears to have nothing to do with 
147, which is the usual defi 


t | noo xpect the one-stage Markov model of the former 
to describe human learning since it assu bjsss. Pays attention to the result 0 


chapter and in Chapter 17 may well 
have not been looked for. The statement that à tw0- 
a no better is rather 


The methods of fit 
„values are equated 


AE A ee 
Tt a a a M 
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in applications t 4 
E Ly of tho kr ia róle of mathematical theories is less important than th: 
SCORE AR o a Rm experimentation resulting from the ease with which m E 
g hypotheses can be eliminated by mathematical arguments. Perhaps 


even more i " z 
E of hio be e constant interpretation of observations in the light of theory 
BE indispensable guid ight of observations; in this way mathematical theory can become 
Ocenie prob E x e ax only toa better understanding, but even to a proper formulation 
mete casualty. pe i rom this point of view, the papers in this book show a valuable 
br rn a arene to state certain theories exactly, to test them by experiment 
Peu RH diis osely many subsidiary problems. The conclusion one reaches from 
g it is that such theories may be eliminated except as an approximation over the 


“mid » pg 5 

Me Tange of learning in rather restricted conditions. The last step, the proper 

tite full 2m of the problems of learning, has yet to be made, and can only be made with 
alization that the mathematical form suitable for a new field of application is 


fo P 
und by trial and error and by intense imaginative effort. 
V. R. CANE. 


Quantitative Methods in Psychology. By D- Lewis. London. McGraw-Hill. 1960. 
xii + 558. 74$ 
Material for illustrations 


This book deals chiefly with the mathematics of curve fitting. 
t apart from this there is little of 
methods although it 


is T 

taken mainly from psychological experiments bu 

Also, it does not deal directly with statistical 
in statistical functions 


NS 

Provides à much fuller account of the mathematical basis of certai! 

a fair k Let it be said at the outset that unless the reader has 
nowledge of mathematics and is accustomed to thinking with mathematical symbols 


he i i 
ate unlikely to benefit a great deal from this book. Itis true that the first few chapters 
written simply and gic patience but later discussions require 


familiar; 5 
miliarity with such things Jacobians, spherical analytical geometry 


and so on, making the going v i i 
relati e main thesis of the book is the derivation of equations to describe the functional 
eet ees between experiment: s and the fitting of curves to observational 
ome Starting with simple linear func arithmic and 
cea functions and complex functions giving ri lic and other 
d of curves. Methods of testing the goo 
à are described with much thoroughness and with fully worked out 
a Me follow two chapters on element: i 
Or eful introduction to the nature and uses © 
fey textbooks on Nun uy eer E 
“tribution functions commonly encountere in book s 
omia! i i ratio distributions. Finally, after an account of 
l, Poisson, chi-sq dado e e of dece and the F-ratio, 


testin 
t ome goodness of fit an » In this, after à curtain- 
is a lengthy chapter en f Equations. : ot Falling Bodies may 


Taiser s 
howi n 
ng how the fi 3 A r gives an acı j f T ers i 


ith a mathematical 


basi 
IS of such topics as Fechner's s 
e photoreceP or of each chapter problems are set; 


and 
mo Een) and Hecht's work on thi 
for two-way communication, 


Ortunat 
nately no solutions are given: Neate att 
Studer his preface the author states that the over-all an X 
in nage with enough information to C7 uH i knowledge of mathematics.’ 
f cientific ventures and to W et his appetite 101 ^: t depends very largely on the type 
r good deal of information 1$ 
hat he learns 


Succ k. el 

SE ess in the latter respect cannot be 9s true that à 5 
i student to apply ws n. 

i <plicit indication 


book is “to provide the 
athematical procedures 


ES Me A im, 
Vided , AS regards the primary alm» A 
to ded wi : MB 
o d with sufficiently clear instructions to king cadentis an explici 
the "functional relationships between 

res to empiric 


What one e press 
f£ value to ©" ss (p. 6 ys «Fitting curv 
ina z the author says (Fh oe And again. (p: 117) 
is ap ren aA the outcomes Sy hoc of the tec -htGing eq: 

of S &im of curve fitti ig primarily descriptiv® q analytical, the equatio 
On}, Pinor i ve fitting is PUN 1 Gescriptiv’, 2 Y ill on the experimenter: 
there the dae call ie saat ore make s gU: i g 
Oft, Ore = we ut S his fini ings- » = 

e 1 to e s remains 

n s pede Se Sov observational data and it 
Y xamining N! 


S o 
Of the Wn experimental data. 


Var; Te .. 
qatiables Pons why it may be 9 


«ta i 
‘TE the [9 
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c i thematical analysis would help him. In the final chapter, particularly 
Gates dang with learning, it is evident that assumptions have frequently to PS 
made in order to start off the chain of mathematical reasoning. The validity of suc 
assumptions can be tested only indirectly as a rule. ^ - ! , 

The book is beautifully printed and contains a great deal of information and instruction 
for students with a mathematical bent. It should aid them not only in analysing their 
own experimental findings but also in appraising the published work of others. 


E. G. CHAMBERS. 


Dimensions of Mind. Edited by Sidney Hook. New York. University Press. 1960. 
Pp. 281. $50. 


This is a symposium of the New York University Institute of Philosophy. It consists 
of 29 papers divided into three sections: the Mind-Body Problem, the Brain and the 
Machine, and Concept Formation. The authors include such well-known names as 
W. Kohler, J. B. Rhine, H. H. Price, N. Wiener (in abstract), S. Toulmin, B. F. Skinner 
and N. R. Hanson. 

The title is rather misleading: the book is not ci 
but with ways of thinking about thought and co 
revolution. The papers form a mixed bag, 
the best being genuine contributions to cl 
Putnam on “Mind and Machines.” 
with the relation between logical and 
sophisticated and stimulating 
scrappy book. 


Art and Illusion. 


By E. H. Gombrich. London. Phaidon Press. 1960, Pp. 466. 70S- 
This book by the Director of the Warburg Institute is based on his A. W, Mellon 


Lectures delivered in Washington in 1956. Apart from its scholarly contribution to 
aesthetics, the book will interest many psychologists 


; ; as a courageous attempt to answer 
the question of why art has a history by making use of scientific findings in the field of 
visual perception. Th i € length the operation of “mental 
sets” and of Schematic i in relation to style and tradition. 
He has also some interesti i isual illusions. Although there is an 
undoubted tendency to rich's approach should do much to 
create interest in the Psychology of painting and to provide a much needed bridge between 
the field of art history sing artist. B. Brranp-ToGRoL. 
Space jo um P ED eM Translated from the German by Peter Heath, with 
ndix containin 7 i a 7 3. 
EE 1969 ES. rome: A. H. Riesen, G. J. Warnock and J. Z. Young 


sented with the source material of D. O. Hebb's famous 
nfancy. The b 


1 Egest the relev: f the case 
philosophy and biolo; ara. 


BY. If this were more general 
on between Specialists, 


ight from early and commonly long-standing blind- 
om A.D. I020 (Arabia) to 1931 (U.S.A ), SR the majoris in the 
es, but rather as illustrating 
adings such as: “The signi- 
' “The attainment of visua 


5 or topics, the book bein, 
ficance of tactual impressions,” “Spatia 


and so on. 


i j decidedly d tic on issues 
M rA ful ie ifficulty for precise thought. In HE 

in his useful concluding essay, it is seldom clear what releva; 
upon the issues discussed by the author. In Particular, fey 


v readers would wish to say 


qe 
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that the blind have no conception of space, or feel that either the evidence cited or the 
arguments offered clarify our ideas of the space of the blind. 

It may be found that Hebb seems to underestimate the significance Senden attaches 
to emotional disturbances following cataract operations as a factor in the slow development 
of useful sight. One of the striking features of the cases is severe emotional disturbance, 
and antipathy to lessons in seeing:—‘‘How comes it that I now find myself less happy 
than before? Everything that I see causes me a disagreeable emotion. Oh, I was much 
more at ease in my blindness!" cries a girl described by Mesmer, and Beer makes the 
comment: “Might not . . . a sort of injured pride contribute something to this transforma- 
tion, in that they now suddenly find themselves so far behind other people of their age, 
€ven in the most trivial matters of knowledge?" 

The accounts of the patient's difficulties are quite fascinating, and will interest anyone 
with an eye for human drama let alone professional psychologists, but the cases were 
examined with—as it now seems to us, primed with questions—an appalling lack of 
imagination in devising ways of overcoming the difficulties in communicating with one 
from the valley of the blind. Even today, on the rare occasions when these cases occur, 
No special effort is made to examine them in the hospital. The reviewer has had the 
Privilege of examining the most recent case—though not before some weeks after the 
Operation—and indeed the difficulties are very great, but surely some tests could have 
een conducted; and where attempts were made, as by Latta, they are not discussed by 

enden. x 

This book will no doubt become the Old Testament to Hebb’s Organization of Behaviour. 
Critics might well wonder whether Hebb would not have done better to have observed 
Whether babies ‘‘feel” round contours with their eyes, rather than rely on accounts of past 

lind people who must be very used to feeling with their fingers. Hebb argues, in effect, 
that in these cases we have examples of living fossils, which we can examine to discover 
Primitive, infant, perceptual ability and development. But are they not rather adapted 
to their curtailed environment, and then forced to live in a world made alien by their 
lindness? Have we reason to believe that the visual system will remain dormant while 
he child learns about the world through his other senses? That his visual petesphon 
Will then develop as though he had not grown up? Can we really hope to hes e 
Mouths of adults the experiences of babes and sucklings ? Whatever the UD 1 ae 
Cases are of remarkable interest and certainly serve to stimulate observation and exp 


Ment on problems until recently the preserve of the philosopher. CA 


Conflict, Arousal and Curiosity. By D. E. Berlyne. London. McGraw-Hill. 1960. 
Pp. xii + 350. 58s. 

The explanation of apparently auto 

has for several years been a PRG a e WAS UE 

ehaviour’’ ot seem to arise from detecta BOL 

are arithont AA survival value. During the past decade d d pe e 
as become familiar to all those interested in the problem, an D e eee neers 

an extremely valuable review and an attempt to formulate a single comp ry 


8Pplicabl i d man. i ict) in whi 
Meas Was Ep the circumstances (e.g. novelty, p eru P Ow ps 

ludic behaviour is specially found, a nd he um oie ts activity of the brainstem 

Property. viz. high “arousal potential, which ten In the waking animal, 


Teti E hi i “tonus” level. é 
“ticular formation above the Sa asin Bly when the influx of arousal potential 


( 1 ) imum level. A departure in either direction 
dum EH environment is at : pu optimu hich is aversive and drive-inducing, and 
Which cog E teres excitement or with Pas ee (According to Berlyne, 
Boredom is a special case which develops when an undu 
Insufficient to maintain cortical inr 

~Xploration of novel or conflict-indu 
familiarization and habituation. This pe Mir proces 
tivity can revert to its tonus level. oath ta becomes conditioned to all novel stimuli. 
Ho, Preceding exploratory activity, W of brief duration are commonly sought by ET. 
lreaq ^7, moderate increases in aron es the reinforcement is said to be provided by 
le of this “arousal jag” is the infant's delight 


nomous exploratory or manipulatory activities 
orthodox drive theory. These activities (“ludic 
gical or biochemical needs and 


In these cas! 
An examp. 


al 
the zdy “optimally” aroused. 
all in arousal that follows- 
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i i into the air ... and caught again. Berlyne explains, perhaps not con 
B eel ae ais ee arousal is drive inducing and aversive (p. 194), its 
AA (0. 196). 1 
eee ee eto is flexible. Stimuli with high arousal potential may cause an incre 
or a decrease, in arousal. And, according to circumstances, an increase in arousal may eS 
associated with reward or with punishment. Or neither. Or both. Other uncontrolla 5 
variables include change in the arousal potential of stimuli during their exposure, an 
the creeping up or down of tonus level according to long-term environmental influence 
A. few of these instabilities (e.g. the last-mentioned) may be logically unnecessary but th! 
others seem indispensable and must preclude a more rigorous formulation of the theory. 
More predictive value would have been retained if it were possible to derive some 

. independent, physiological measures of arousal. But here again we find that EEG a 
blocking (and related indices) sometimes reflect arousal, but at other times must be inter- 
preted as indicating inhibition of the reticular formation by the cortex. 

Thus there can be few instances of ludic behaviour with which the model could be 
shown incompatible and Berlyne takes the opportunity to extend it to the field of aesthetics 
and humour. Arousal and the arousal jag are proffered as the universal explanation for 
mankind’s interests in these fields, but it is not made satisfactorily clear why these 
sometimes lead to laughter (humorous) and sometimes to sighs (aesthetic). And sna 
arousal potential from whatever source is additive and interchangeable, the reader shoul 
be offered some clarification of the effects (or absence of effects) on artistic taste of a 
mildly disturbing taxi ride to the art gallery. y 

It may be a pity that Berlyne apparently did not consider interpreting his data 1m 
terms of behaviour theories based on serial stimulus tropisms (e.g. Watson, 1959; Deutsch, 
1960) which, unlike classical S-R theories, seem eminently suited for this sort of problem: 
But despite any deficiency of his avowedly tentative central thesis, Berlyne’s treatment 
of tangentially related material (e.g. thinking, sensory preconditioning, VTE, felicity 1? 
art and wit) abounds with provocative suggestions which make this book well worth the 
attention of the advanced student, and essential reading for the learning theorist. 

. There are 30 pages of references and approximately 10 per cent. of these are Russian 
with many others from French and German sources, L. J. HERBERG. 


Professional Satisfaction among Swedish Bank Employees. By Uno Remitz. Copenhagen: 
Munksgaard. 1960. Pp. 422. 86 kr. 


S of ro questions each; no attempt was made to soa 
ith one another, instead subjects were asked to. Te 


3 in assessing the amount of m: fessi tisfaction . 
The total score for each individual is obtained b: Serres lone Se 


ace ee Pe based on 7 i 
1nj Ioo al i i = à 

EEr ER ui Pu listed here); these are converted to personality scores. 
between traits thus m | 
E the posi original and substantial contribution to the job satisfaction 
leaves much to be desire n Particular being very thorough. The presentation howeV 


d: i 4 s EET n 
' task discovering what was Hp RET Stuffed with tables and formulae, and it is no me?! 


4 
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Les Grandes Activités du Lobe Occipital. Edited by Th. Alajouanine. Actualités 
Neurophysiologique. Semaine Neurophysiologique de la Salpêtrière. Paris. 
Masson et Cie. 1960. Pp. viii + 36r. 

This is a companion volume to the symposium on the temporal lobes edited by Dr. 
Alajouanine five years ago. Like its predecessor, this book is mainly concerned with the 
manifestations of localized cerebral disease, though some account is given of recent work 
on the anatomy and physiology of the visual system. It may please psychologists to 
discover a short though eminently sane chapter on visual sensation from the venerable 
hand of Professor Piéron. In general, however, the main appeal of this rather unequal 


symposium is to neurologists and others interested in the analysis of central visual disorder. 
O. L. ZANGWILL. 


Somatosensory Changes after Penetrating Brain Wounds in Man. By Josephine Semmes, 
Sidney Weinstein, Lila Ghent and Hans-Lukas Teuber. Commonwealth Fund. 
Harvard University Press. 1960. Pp. xiii+ or. $4.00. 

Visual Field Defects after Penetrating Missile Wounds of the Brain. By Hans-Lukas 
Teuber, William S. Baltersby and Morris B. Bender. Commonwealth Fund. 
Harvard University Press. 1960. Pp.xi-- 143. $4.75. 


These two impressive monographs from the Psychophysiological Laboratory at Bellevue 
bring together some important observations on sensory deficits in cases of penetrating 
rain injury. In the first, a most careful analysis is given of changes in discriminative 
Sensitivity in the two hands produced by unilateral cerebral lesions. Contrary to 
expectation, the site of lesion giving rise to maximal defect in the contralateral hand was 
found to be not precisely identical in the two hemispheres and the pattern of “cortical 
Sensory loss" was also somewhat different on the two sides of the body. In the light of 
their findings, the authors conclude that the cortical representation of sensory hand- 
function is not precisely the same for the two hemispheres, being more highly “‘concen- 
trated” in the left sensory-motor region in the case of the right hand. This finding may 
Perhaps be related to other recent evidence of asymmetry in cerebral hemisphere function. 
he second monograph deals with the form and distribution of visual field defects in 
Telation to the layout of the visual pathways and the retino-cortical projection system. 
Ithough many of the findings accord well with earlier observations, e.g. those of Holmes 
and Spalding, some discrepancies are noted. In particular, a lack of precise congruence 
in homonymous field defects was surprisingly common. The authors have some interesting 
things to say about accommodation to field defects and the vexed question of macular 
Sparing. They also lay stress on the incidence of appreciable functional cei in La 
Metrically intact portions of the visual field—although the significance of this for IE s 
eH Perception (agnosia) is perhaps M cbr e un monograph should be read wit 
Care b interested in the cerebral basis of vision. d y 
t s to URN EUER "of Or. Lukas Teuber and his co-workers that their SEA wae 
Carried ont with an attention to method all to m sin the pe eee o cul 
ile in the praiseworthy tradition of Head an olmes, e j 
Onographs should do much to convince experimental psycholog O. L. ZANGWILL. 


rain injury is not only fascinating but reputable. 


— The Rol 5 Regulation of Normal and Abnormal Behaviour. By A. R. Luria 
Bevel Gey heard Oxford. erginn Press) Mei An ae 


This short book consists of three lectures given in 
Tesearch in the Soviet Union on the development K 
Processes. This is a field which has received e ae 
an have been concerned more with p as comm. 
pos h pa ora recognition “ian concept of behaviour as d of eem 
lnitiateq de SE ^L Sdn E Pavlov's interpretation of E a. Ea gecon E 
ling Sd ponses, Luria odifies the conditioning model and culminates in the 
ystem," which profoundly m g “voluntary” control both of attention and of 


"ach: i : 
pchievement by the adult of self-regulatin these are dependent in the child on learning 


London in 1958. It describes recent 
f verbal control over other motor 
little attention in the West, where 
n or with the acquisition of 


nr Far from, being nabe nose words select and emphasise particular aspects 
ies of children from different age-groups - 


ugh social interaction with adults, W tive studi 


of H X 
the environment. Interesting compar? 
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^ E A aining from pressing 
required to perform simple Setanta eee pm. RHET. in we 
&, muishar ND Jen soupe ia PE. "5 I. ij excitatory effect of any verba 
Gevelopmen tol verbal Pe = i a ae dd S se; inthe second it acquires an 
instruction can only initiate Or increase the chi d's response; 3 lling responses 
inhibi nd finally it takes on a selective and directive role, contro Ing T POM ad 
SUE Eder of the estimate within the verbal framework rather than by m 
tensity. The ability to inhibit a response is shown to originate from an In E 
excitatory response, itself evoked by a second signal. ` This leads to a new RUE Eis Sae 
the concept of feedback : the response-produced stimuli maye +: evoke Ud cena 
responses (positive feedback), as in very young children, or may termina EPI 
evoking a new, incompatible response, whose overt performance nex later g d id 
come to be omitted. Thus Luria describes a child pressing a rubbe’ »ulb in resp Ed 
a light signal and then moving his hand to his knee on à verba? instruction. ei. 
movement is gradually decreased and then dropped altogethc Wut the child Bo of the 
to inhibit any extra squeezes of the rubber bulb, so achiev. : the "beginning: 
organization of volitional movement." ; i and soie 
As he grows older, the child learns to produce the verbal signals himself, an Sms 
excite, inhibit or direct his own responses. By stressing this use of speech by the c EA 
direct his own activity, Luria throws light on a possible function of the "egocen 
speech, analysed in its structural aspects by Piaget. ideas 10 
In the last lecture, Luria suggests some interesting applications of these ic T tne 
pathological cases. He considers the inter-relations of motor processes with the regu Sal 
Speech systems, their breakdown and possible compensatory activit Severely RI ted 
children may never get beyond the "impelling' stage of verbal cont-ol, while less affec 


n ; H inhibitorv imbalance 
children can be trained to use speech to compensate for excitatory o: inhibitory imbalar 
in motor reactions, 


These lectures were not intended to i 


the use of positiv. n more complex processes such as concept 
formation in adults? 

The experiments Luria des 
of details and accounts of 
anyone unfamiliar with th 


. ; n A ? absence 
cribes are ingenious and interesting, although the abser 


5 É c " to 
controls from this presentation may be a little troubles mee 
} e research. The theoretical framework seems sometimes tra- 
classificatory than explanatory, inferring for example “changes in the degree of concen 


1 ha r actions 
tion and mobility of the processses in the motor analyser" when the overt reactio 
acquire such characteristics. 


imuli 
The model of a simple voluntary act, still in terms of stimu 
but with s i 


i2 as 
Xity of behaviour which Laus 
t initi 2 a promising field of research. Tun" 
ic epar hypotheses Suggest different types of investigation, and the approach ot ae 

; colleagues has proved fruitful i inti a tures of V 
development whi ida E t many empirical featu 
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A FURTHER IN . ESTIGATION OF APPARENT SIZE AND 
RETINAL. SIZE AS DETERMINANTS OF THE FIGURAL 
AFTER-EFFECT 

BY 


R. H. DAY and J. A. LOGAN 
From the Department of Psychology, University of Sydney 


A figure which is more distant from the eye than another but subtends the same 
visual angle is usually seen as the larger. This phenomenon is called perceptual size 
constancy. Experiments have been reported which show that sometimes the apparent 
and sometimes the fetinal sizes of the stimulus figures determine the direction of the 
figural after-effect. These experiments are reviewed and two further experiments are 
reported. In the first experiment two types of stimulus figure (discs and annuli) which 
subtended a visual angle of 1° 36’ resulted in figural after-effects, the direction of which 
would have been predicted by the retinal sizes of the figures. In the second experiment 
larger figures were used which subtended a visual angle of about 4° and which were the 


Same as those used by Sutherland (1954). In this experiment the after-effects were 
generally in a direction which would have been expected if apparent size determined the 
In the interpretation of the results attention is drawn to 


direction of the after-effect. > results 1 
the "Central Tendency Effect" which has been observed in size judgements of stimulus 
figures of varying size. Two hypotheses are suggested; one is that the true figural after- 
eflect has been obscured by the "Central Tendency Effect" in successive judgements, and 
the other is that time error in successive judgements of size is essentially a figural after- 
effect. Some supportive evidence for the latter hypothesis is reported. It is concluded 


that apparent size is not a critical determinant of the figural after-effect. 


INTRODUCTION 
The reported size of an after-image varies as a near linear function of the distance 
between the eye and the surface on which the image is poe me 2 rele 
Telati i tween the apparent size of the after-image an e physical distance 
Pe D Prentice (1947) first raised the 


of is referred to as Emmert's Law. 
a a ei tween the magnitude of the figural after- 


uesti ing the relationship be E 
Ene. (PAB) and io distance between the eye and the surface on which the test 
figure (TF) is presented. On the assumption that the processes underlying the 
FAE are cortical in origin, Prentice attempted to establish bc m m as 
a function of the apparent size or the angular (retinal) ii o k i 3 , angular 
size determines the magnitude of the Te then Emmert’s Law would apply 
to thi o the after- 5 f 

s poe m» rectangle as inspection ses m oe two small 
Squares aligned horizontally as TF. The IF was RE xd y ci ove the B 
Square of the TF so that the FAE was indicated by a ES 9 E a t Wes pug : 
than the left. The IF remained fixed at 2 m. Nes iei place p. 2 an m. 
tom the observer. lt was found that although a significan ies R sp acement 
of the TF ocd at both distances there was no difference between the magn 
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of displacement for the two conditions. Prentice (1947) confirmed this result in a 
second experiment in which TF was placed at distances of 3, 5 and 7m. It was 
concluded that apparent rather than angular size determined the magnitude of the 
figural after-effect. . : " 

The results of the investigation by Prentice are curious and difficult to interpret 1n 
terms of the retinal image of the IF. At 6 m. the retinal projection of the TF was 
three times smaller in its linear dimensions than at 2 m. Further, the retinal distance 
between the adjacent contours of IF and TF would have increased. Since the 
separation between contours is an important determinant of the magnitude of 
apparent displacement of TF it would be expected that the downward displacement 
would vary with distance of TF. Since this displacement did not change with 
distance it was reasonable to conclude that apparent size rather than angular size 
determined the magnitude of displacement. 

There is one further aspect of this experiment which has not been examined 50 
far but which casts considerable doubt upon the conclusions which were reached. 

In order to maintain the same geometrical relationship between the retinal repre 
sentations of IF and TF as the distance of TF increased it would also have been 
necessary to increase the distance between the point of fixation and the contour of 
TF (see footnote). As far as can be gathered from the account of the experiment, 
this distance remained constant and the distance from the eye alone was varied. 
In terms of the retinal representations of the two figures the TF would not have 
fallen directly below IF but below and to one side of it so that in terms of available 
‘data no outcome could be predicted. If, then, it is concluded that the apparent size 
of the TF determined the displacement from IF it must also be concluded that the 
apparent distance between the TF and the fixation point rather than the angular 
distance between them was the effective variable. This is a curious result since not 
only the apparent sizes of the near and far figures determined the FAE but also their 
apparent positions in space. 

In a second paper Prentice (1950) has reported an experiment based upon an 
unreported study by Thouless. Thouless pitted apparent size against retinal size 
so that if FAE was determined by apparent size the after-effect would be in a direction 
opposite to that to be expected if it were determined by retinal size. Prentice 
arranged the stimulus figures so that the circular IF viewed at 12 ft. was apparently 
larger but retinally smaller than the TF viewed at 6 ft. If angular size determined 
the FAE it was expected that an expansion of TF would have occurred and that à 
shrinkage would have occurred if apparent size was the principal determinant: 


= a a ps frequency (69 per cent.) of expansions than of shrinkag® 
er cent.) occurred it was concluded that a i 7 re importan 
E neare RAB. angular size was the more imp! 


ayers an experimental arrangement in which angular size would be expected b. 
produce a shrinkage and apparent size an expansion, Hochberg and Bitterman (1951 


quantified the ri i ; : A t 
EE obtained by Prentice (1950), using the method of adjustme? 


xut dager one; en ca that in the experiments outlined above apparent 57 
deis had hy € had been regarded as mutually exclusive and the experiment i 
ps E Such that for the most part angular size would be the most effective 
be TE ae distances of the two stimulus figures have the ratio 2°31 fb EP. 
the figures must md that the distances from the fixation point to the contours e 
coincide. Sutherland e ratio 2-5:1 in order that the retinal projections of the d 
correspondence, howe (1954) reports these distances as having a ratio 3:1. In puis 
pu AU hee ev s has stated that one of the values given in his paper bee 
freation point andthe cS. he in fact used were such that the distances betwee? t 
3 F e contours of the near and far figures had the ratio 2:5: I- 
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determinant. Since Prentice (1947) had adduced evidence favouring apparent size 
as a determinant, and Prentice (1950) and Hochberg and Bitterman (1951) had 
found angular size to be the principal determinant, both could be effective depending 
upon the experimental conditions employed. 

Sutherland used an IF and a TF of the same angular size but of different apparent 
sizes. The diameters of the circular figures were 4 and roin. and the viewing 
distances were 57:6 and 144 in. respectively. That is, the sizes and distances of 
the near and far figures were in the ratio 1:25. With the small near circle as IF 
and the large far circle as TF an expansion of the latter was expected if apparent 
size was a determinant. When the large far circle was used as IF and the small near 
circle as TF, a shrinkage of TF was expected in terms of apparent size. The results 
indicated that apparent size determined the direction of the FAE. . 

McEwen (1959) using the method of adjustment attempted to quantify the results 
obtained by Sutherland (1954). The TF consisted of two illuminated discs 150 cm. 
from the eye. These were set at 30 mm. diameter and could be adjusted in size by 
means of an iris diaphragm. A near IF at 75 cm. had an outer diameter of 15 mm. 
and a far IF placed 300 cm. from the eye had an inner diameter of 60 mm. Since 
the small near IF was apparently smaller than the TF it was expected that an expan- 
Sion of TF would occur following fixation if apparent size was effective. In this 
condition McEwen found that à shrinkage occurred in the case of six out of II 
Observers and the mean change was à slight but insignificant shrinkage. Thus 
Sutherland's results for this condition were not confirmed. . 

A basic error has occurred in the experiment by McEwen which renders the 
Tesults quite inconclusive. Whereas the near IF had an outer diameter (15 mm.) 
of the same angular size as TF (30 mm.) there was also an mner contour to the annulus. 


The annuli were constructed by removing paint from a glass surface. These annuli 
meter was II mm. Since this inner contour 


Were 2 mm. wide so that the inner dia ] i 
Was less in angular size than TF it would be expected that fixation ls did 
an increase in the perceived size of the latter. Briefly, then, imd wo a 
in the small near IF; an outer contour equal in angular size to TF v > e s 
Which would be expected to produce an expansion. In the case of E P s me 
the inner diameter of the annulus was equal in angular size to T ut | od 
diameter of the annulus was 4 mm. greater. Thus two factors, a ks cae e i 
Size of the outer contour of IF and a difference 1n apparent size, cou 


M the shrinkage. , : S 
and Oyama, 1957) have reported that when IF and TF ve o: E e 
â shrinkage occurs. Thus that condition in which JF m : P db pater disi 
Size but IF is apparently larger (ie. jussu m n oat size determines the 
han TF does not throw any light on whether or not Li opem 
FAR, Under this condition both apparent and angular tovestigütiog ite eot 
result į ink: F critical condition for 1 e 
^ florence in See I en figural afteren ie the ex bees e 
two : i ; which IF is near an ar. d 
— vould ee eee L4 perpe shrinkage whereas the difference in apparent 
si exp docs un ue 
dps tena ka pidum e orse all possible distance relationships between 
IF il vm aptae to poe ng those in which both poter ie ipi Ee: Ps 
Shown, ets en perse the effects of apparent Soie » ^ < : dott 
“eluded in n to replicate Sutherland's (1954) expe” ; 
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2 T istance relationshi twe the two 
i ortant to exhaust the possible number of dista 1 ionships between th 

imp! k 

figures with retinal size constant. 


EXPERIMENT I 


The results obtained by Sutherland (1954) for the critical condition in pu 
IF of the same angular size as the TF was placed nearer to the eye vu re oe 
confirmed by the data reported by McEwen (1959). In any case, the defec ae 
stimulus figures used in the latter experiment have rendered the —€— a MES 
Neither experiment has included the control conditions in which both j a cdit 
are placed at the near or the far positions. These conditions are necessary in 


; d 
to separate the effects due to distance from those due to differences in apparent an 
angular size. 


The purpose of the present experiment was to study the direction of the chanin 
in the perceived size of a TF following fixation of an IF of the same angular oth 
of both larger and smaller apparent sizes. The two control conditions in which Pag 
IF and TF were presented near and far have been included. Earlier unreported “ind 
obtained by the writers suggested that the apparent shrinkage of a figure follov 


fixation of a similar figure occurred more frequently with solid than with outline 


figures. Köhler and Wallach (1944) have also shown that solid figures result in à 


A E : r ji were 
greater after-effect than outline figures. For this reason both discs and annuli we 
used as stimulus figures in the present experiment. 


Apparatus. Ths discs and annuli were drawn with black ink on white art paper, te 
discs being essentially the annuli "filled in." The small figures were Ify in. in dian Hie 
and the large figures twice this Size, 34 in. in diameter, In the case of the WEG 
outlines were yy and } in. wide for the small andlarge figures respectively. The Ad 
points for the small and large figures were ts and lin. in diameter and the horiz 
distance between the centre of the fixation 


re 
point and the outer contour of the fig" 
Igy and 24, in. respectively. 


in: 
The papers on which the small figures were drawn were mounted on boards E 
pers bearing the large figures on boards 18 in. square. The fixa 


: i fa 
ith the centres of the boards. Each inspection pattern consisted o ca 
© the right of the fixation point and each test pattern of two ident! 
metrically on either side of the fi 


xation point. The figure on the rg 

was the TF and that on the left a comparison figure (CF). Large and small figures v 
drawn for both discs and annuli. d on 
The boards on which the stimulus figures were mounted were in turn mounte nts 

Wooden rods which could be fitted into holes drilled in a plank so that the fixation poi 
for the small near figures and the lar, 
The visual angle subtended at the eye 
vertical and in the fronto 
plank so that the positio 


O 

ined fixed. The plank was clamped to tW 

tables so that the fixation points were at the i 
tions were made under 


artificial lighting wit 
near figures was approximately the same a 
Experimental conditions and 


theoretical expectancies 
There were eight ex 


perimental conditions. 


These were: 
(1) Small annulus IF 


ed to result in an apparent expansion of TF. 
(2) Asin (1) using discs, 


(3) Large IF at 12 ft. and small TF at 6 ft. (IT 
but the appare; 


Š ame 
š n) so that angular sizes were the 5 
nt size of IF was greater 


a 
than that of TF. It was expected t 
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both angular and apparent size relations between IF and TF would lead to an 
apparent shrinkage of TF. 

(4) Asin (3) using discs. 

(5) Large IF and large TF both at 12 ft. (IrIy) so that the angular and the apparent 
sizes of the two figures were the same. It was expected that TF would appear 
smaller if angular size determines the after-effect. 

(6) As in (5) using discs. 

(7) Small IF and small TF both at 6 ft. (I;Ts) so that angular and apparent sizes 

were the same for the two figures. It was expected that in terms of angular 

sizes TF would appear smaller following fixation of IF, 


(8) As in (7) using discs. 

. Subjects. There were 8o male and female subjects, 10 in each group. Subjects 
included undergraduates, graduate students, members of the academic staff and clerical 
assistants. 

Procedure. Under all conditions the subject was required to compare TF with CF 
before fixation of IF (fore-test), and immediately following fixation (after-test). The 
Ese in the compared size of TF between fore-test and after-test has been taken as the 
"AE, 


Monocular vision using the right eye only was used throughout the experiment while 
the left eye was covered with an eye patch. In order to position the eye correctly the 
Subject, after placing his chin in the rest, was instructed to move his head backwards and 
orwards until the near 9 in. board was exactly coincident with the far 18 in. board. In 
this position the retinal projections of the near and far stimulus figures were exactly 
coincident, With his head held in position the subject compared the relative sizes of 
l'F and CF after which the fixation point of the IF was steadily fixated for 2 min. Fol- 
lowing fixation the test pattern was again placed in position and a second comparison of 


the relative sizes of TF and CF made. setae ‘hia Misit eer M 
he following instructions were given before the first comparis yas : Lot 
ye A les appear the same or different in size 


at the circles. Do the circ! i 4 
ae between ED The nature of this experiment is such that it 


and, if di w are they different? x S | 
is Sanu aps that m hold your head perfectly steady in that pannon m 
Out. When I tell you I want you to gaze at the dot to the left of the circle i e2 m 
When the 2 min. are up I will warn you and then take the figure away and rep! aonni a 
another, Vi Tam doing tis do mot tit ton the do betwen dr cele 

ace the s re in position your gaze wl between s. 

our eaei fooling at the dot and to compare the relative pens ea aaa 
Circles on either side of it. 1 want you hether they look ine EE SE DASEOS 
in size and I want you also to give me your ns with as little delay as pos " 


Is that clear? 


to tell me whett 
first impressio! 


2 min. the judgements of the size of TF 
] to (e) or smaller than (s) the judgements 
dged TF larger or smaller than 


_ Results. Following fixation of IF for 
pos to CF could be larger than (J), ema Mee 
efore fixation, In those cases in which the su5jec E 1 
" prior todratin and gave a similar judgement after ur Diei k 
there was an ked difference between the two judgements. e s 
dips aur there was such a difference. 


recorded onl ubject was quite convinced that rer 
one Sle duc posite of the three categories of judgement for the 8 conditions 


1 iti d had failed to produce 
8 shown i ex erimental conditions use ) pr 
after-effect. aa Ts been] that judgements would be equally Sie 
mong the € : wo : x In order to establish that a significant departure pum 
this pattern as cerere ‘occurred the total obtained a some m er ko 
timulus figure has been compare eo ae S a 


d with the frequen n 

Istributio tegories using the chi-squared method. This test has 
n among the categ encies are significant beyond the o-or level. — 

; UE 1 conditions the greater number of entries 

tom Table I it can be seen f ix of the 8o (7:5 per cent.) falling into 


f . : T 
All into either the s or e categories with only S 
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thelcategory. The only condition in which this trend in distribution does d 
is IpT; for annulus figures. That is, following fixation there vise has d ee 
tendency for a shrinkage or no change to occur. This happened with bo 

pem bin in Table I have been tested using the exact probability treatment 
developed by Myers (1958) since with this method the outcomes are not per 
in the chi-squared technique, by small or zero frequencies in the cells. The exa > 
probability analysis has shown that there is no significant difference between an} 


TABLE I 
z 7 BEFORE AND 
FREQUENCY OF DIFFERENCES BETWEEN JUDGEMENTS or TF axp CF PREON E 
AFTER FIXATION FOR ANNULI (A) AND Discs (D). THE ENTRIES REFER TO TF JUDGE 
SMALLER THAN (s), EQUAL TO (e) AND LARGER THAN (2) CF 


Experiment I 


IF near, IF far, IF mear, IF far, 
TF far TF near TF near TF far = 
Conditions a (ETa (Ta (Gr) Total 

Figures espe Ao |] #& to false | a | D 
s 4 10 5 8 7 8 4 7 19 | 33 
e 5 o 4 D 3 2 3 3 15 7 
l I o I o o o 4 o e] 2 

| 
Total 10 10 I0 IO 10 10 10 10 40 Ae 


Experiment II 


OSTEN m wem cL SM "ae — 


| 
S o 


4 5 6 5 4 z 4 iz | 38 
e 4 5 4 2 I 4 2 I II | x 
l 8 3 3 4 | 8 4 8 7 25 j 
Total 12 12 12 | 12 


Pairing of the four conditions of distance relatio 
carried out Separately for annuli and discs. In i 
quencies between annuli and discs for equivalent distance conditions, the sole signifi- 

at between the InTr conditions. This is the only significant 
e 16 independent comparisons made. The exact probabilities 
ns are shown in Table II. 

ards either no change in judgement between fore-test and after- 
test or an apparent shrinkage of TF relative to CF is in agreement with what woul 
Size as the principal determinant of the FAE. There is no 
at apparent size determines the after-effect since for both 
nT: condition only one of the 20 (5 per cent.) FAEs is in the 
l category. 


nship. These analyses have been 
the case of the differences in fre- 


IF and TF and that the dis 
contours are separated by a certain critical distance. 


first mentioned by Kohler and Wallach (1944) and confirmed by Pollack (1958)- 


| 
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Wi i 
hah eid between contours is zero (i.e. the contours of IF and TF are 
Picante the pot AE is very slight so that it is conceivable that the magnitude of 
me en would be below threshold for many observers. This would partially 
e a ne of e entires in the distributions. i 
T sie € utherland s experiment binocular viewing was used throughout, in 
Pte d sperment monocular viewing was used. Although in terms of ocular 
biels à iem two methods of viewing should give the same results, eight extra 
bot 5d : e tested with the annulus figures under the critical InT; condition using 
E cular and monocular vision. Half the group viewed first monocularly and 
er half viewed first binocularly. The frequencies of s, € and / entries did not 


TABLE II 


QUENCIES FOR EXPERIMENTS I AND Il 


XACT PROBABILITIES BETWEEN FRE 


Experiment I 


Within groups Between groups 


Figures Discs Annuli Figures | Discs and Annuli 
Conditi Signifi- | Signifi- || Condi- Signifi- 
ditions P cance p | cance tions [2 cance 
IT, a 
pand IST. | 0-474 NS 0:372 NS InTr o-o10 S 
am and ITa | 0:73 NS 1:000 NS InTn 1:000 NS 
i and IT; O:21I NS 0:396 | NS ITa 0:354 NS 
T and 1;T, 1-000 NS o653 | NS IT: 0:076 NS 
ure and [Ty 1-000 NS 0-073 | NS | 
| | 


| TsTr 0:023 S 


Lyr, and 1c 5 

"Tr and i| sem | NS iru S | Em | ozo | NS 
n sf and I;T, 0-007 NS | 0194 NS IT, | 084 NS 
nT and LT. | 0467 NS 0:170 NS gn | mel BS 
Tp and ELT, 0:169 NS | 0925 g f 


t 
» and I,;T, 0263 | NS 0:036 
two conditions of 


differ a; : 
Mer Significantly and the distribution of frequencies for the 


lewin Table I 
g was essentially the same as in the top half of Table I. .— : 
n summary ihe Len fro eriment indicate that differences In apparent 


his exp Aie 
We p, mi ; «ection of apparent change in size 
"tween IF and TF do no US S pea ina come e that 


EXPERIMENT II 
from those reported by Suther- 


uite different 
ps d nearer than TF but both subtended the 
- H = a, t 
was dency for expansions to occur. In Experimen 
a ge lee Sus Se al horizonal distance from the outer 
reas in Sutherland's experi- 


e 
Cont angle subtended at the ey° en 
Our E CF was 4^ 24 whe t 
Ment en to the outer ge d possible that such a large difference between 
angle was 9° 22". 


Ji 
la s results from Experiment I 
Same 1954) who found that when IF 
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i ñ : i e dis- 

angular dimensions of the two sets of stimulus figures ‘ei poeti di bela 
yO experi ts. Forthis reason it w 

B ncy between the results for the two experiment nor re i epe 
Ed Sutherland's experiment with two modifications. First, E hà d TE 
annuli were used and, second, the two control conditions in which bot We 
were placed at the near and far positions were introduced. Thus the InTr 
IrTn conditions for annuli were the same as those used by Sutherland. 


; hit aper 
Apparatus. The inspection and test patterns were drawn in black on w oe Seay bu 
glued to masonite boards 25 in. and 10 in. square. The boards were ome e figures 
heavy chemical stands and supported from the top and bottom centres. The see ee 
were 10-in. diameter and the small figures 4-in. diameter, _The thickness of t irs peh 
of the large annuli were $ in. and of the small annuli 4j in. The fixation ees figures 
were at the centres of the squares were d; and iin. diameter and the contours o: 
were 1:875 and 0:75 in, from the centres of the fixation points. ou 
Three tables were arranged, one for the far Io-in. figures, another for the n 


s : to 
figures and a third on which was mounted a head rest. The distances from the eye 
the large and small fi 


were in the ratio 2 


Subjects. There were eight group: 
in psychology. 

Procedure. The procedure, includin, 
used in the first experiment with the m 
land's procedure, bi 
shortened to 45 sec. 


: : s TN at 
g the Instructions, was essentially similar pr 
odification that, in order to conform with Su 


' s 
i rked position on its table. When both pattern 
were at the same distance one was 
in readiness by 
patterns. 


Results. The results for Ex 
the entries again referring to th 
after-test. The chi-squared tes 
depart significantly from a 

The results for thi 
In the case of the a 


H D F 
se of the annuli Sutherland’s (1954) results are largely confirmed were 
1T: condition, eight of the entries being I, four e and there were no s entries. i 
tae um however, has not been confirmed i 

en 


i in Table I has 
indicated Pi Beaten egies (Myers, 1958) of the frequency data in Tal 

is significant at less tha: 
to roo. Th 


of the differ aly and I,T; ( 
significance, For the annuli the di en 
InTn and IjT;, and LTr are significant. There is a significant difference betwe 
InT; and I;Tn conditions for annuli, 


ity 
wn in the lower half of Table II. The probabili B 


P 
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of land e entries, and under the second condition a greater number of s entries. 
Sutherland's results, therefore, are confirmed. 


DISCUSSION 


The principal result from these two experiments is the difference in frequency of 
apparent shrinkages and expansions of TF for the large and small figures. In the 
case of both the disc and annulus figures used in Experiment I the data shows that 
either no after-effect occurred, or that it took the form of an apparent shrinkage 
of TF. An apparent expansion of TF occurred in only 7:5 per cent. of the cases. 
With the large figures used in Experiment II the results are by no means as con- 
clusive as those for the smaller figures. Whereas with the annulus figures there was 
a tendency for an expansion to be reported under some conditions of distance relation- 
ship between IF and TF, this tendency was absent when the disc figures were used. 
Sutherland's (1954) observation that with IF near and TF far and both figures 
subtending the same visual angle TF tends to expand following fixation has been 
largely substantiated using the same type ofannulusfigure. It is quite clear, however, 
that the size of the figure is an important determinant of the FAE the reverse tending 


to occur with the smaller figures. j . i 
Some light is thrown on the results reported here by a consideration of the time 
error effect (TE) which is characteristic of successive judgements 1n psychophysical 
figures are judged in succession, 


experiments. When two physically equal stimulus j c 
the second is judged larger or smaller than the first, the type of judgement depending 


upon numerous factors including the time interval between successive judgements. 
This characteristic effect is the TE. The error is traditionally positive when the 
Second stimulus is judged as smaller than the first and negative when it is judged as 
larger. There are many similarities between the FAE and TE. Both involve the 
judgement of one figure following the presentation of another. Although, in the 
case of the FAE, the fixation time of the first figure is usually protracted, the FAE 
is known to occur with the very brief exposure times used in experiments on TE 
(Kohler and Wallach, 1944). In the study of TE, however, the stimulus presented 
Second is compared to that presented first whereas In the study of the FAE the second 
Presented stimulus figure is, usually judged relative toa simultaneously pete 
CF falling on a different retinal area. It is well established that the 2 o E 
(positive or negative) is determined by the position of the stimuli in d ken to i : 
Stimulus series. When the stimuli are from the large end of the series t i y n o 
the two stimuli tends to be judged larger (negative TE) thar the first p m Eats 
from the small end the second tends to be judged smal rene UR Ho up 
Worth (1909) referred to this series effect as the Central en "e 4 s id E 
recently Watson (1957) in a study of TE in successive size judge n en ar 
stimulus figures has shown that for the small figures (ebout p pe E 
Positive and for the large figures (10 to 247 diameter) Es o ae 
Watson demonstrated a decreasingly positive and an Ud uw ly nega’ a as 
the stimulus figures increased in diameter. Of enc e ip p e e 
experiments, however, is the range © which the change trom positive 


f stimulus sizes inv 
to negative TE occurred. The graphed results (Watson, 1957, P. 564) show that 
Toughly in the range 5 to II in. there was 


a tendency for the TE to change direction. 

i ize in which 

: ., Experiment I are of that order of size in w 

ibn [eus fe m TE is Positive, i.e. the second figure tends to be nee 
Smaller th 957) ace B The stimulus figures used in Experiment II and by Sutherlan 

(1954) imd the range of sizes in which the change over from positive to 
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negative TE has been found to occur, and since those O the wid pu 
i it would be expected that a greater number of negative TEs wou : 
ice is a compelling similarity between the data reported by Watson for TE 
with stimulus figures varying in size and those found here for the FAE with S 
which fall within the same range of stimulus magnitude. Two hypotheses 
ible. p ; 
Lom stimulus figures used in the present experiments are peculiar in that the i 
and TFs were of the same shape and type and subtended the same visual mn 
Although the subject was required to make a simultaneous comparison of TF and C 1 
itis not inconceivable that the true FAE has been obscured bythe TE. Ithas already 
been noted that the FAE under the conditions of coincidence of IF and TF is minimal 
so that it is possible that this slight after-effect could be obscured by a large = 
when the successively observed figures were similar. The FAE is confined to S 
retinal area stimulated and drops off considerably beyond the boundaries of tha 
area (Kóhler and Wallach, 1944). Although there is no direct evidence available it 
is generally assumed that TE, which does not require steady fixation of the stimulus 
figures, is not so restricted to the stimulated retinal ar 
successive judgements. 

An alternative hypothesis is that the FAE and the 
are basically the same phenomenon. Although, as already pointed out, the FAE 
with small IFs and TFs is an apparent shrinkage of TF the writers have evidence 
yet to be completed and reported that with much larger figures the FAE is reported 
as an apparent expansion. The progressive change in TE from positive to negative 
with increase in figure size as found by Watson (1957) may be an after-effect from 
short fixation and arising from the same retinal and neural processes as the FAE. A 
crucial experiment would be one similar to Watson’s in which the figure presented 
second stimulates a different part of the retina to the first. If the effect noted by 
Watson is essentially an FAE then it should not occur if the second stimulus figure 
falls on a part of the retina not stimulated by the first. . 

There are further features of the results which warrant attention. In all previous 
experiments concerned with this problem only the IyTy and I,T; conditions have 
been investigated. In Experiment I there was no difference between the frequency 
patterns of judgements under these conditions and under those in which both figures 
were either near or far. In Experiment II for the annulus figures the greater Íre- 
quency of expansions for the IjT: condition is similar to the frequency found when 


both figures were at the far position. With this control included it would be difficult 
to attribute the expansions to the effects of apparent size. 
, n both Experiments I and II there was a significant difference between the 
judgement frequency patterns for annuli and discs under the InT; condition. This 
Suggests that for certain distance relationships between IF and TF the type of figure 
employed may be an important determinant of the FAE. Further, in Experiment H 
Significant differences between frequency patterns has occurred between four pairs 
of distance relationship conditions in the case of the annulus figures. These data 
indicate that there may be interaction effects between distance relationships of IF 
and TF and the 


type of figu d. 
Generally the id E 


i sults from these two experiments suggest that the apparent size 
of a stimulus figures is not a critical determinant of the direction of the FAE. 
Rather it appears that the sizes, distance relationships and types of figures determine 
the nature of the after-effect. 


The writers grateful} 
the experiments and in 


eas but is a general feature of 


TE in successive size judgements 
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HAS APPARENT SIZE BEEN TESTED AS A FACTOR IN 
FIGURAL AFTER-EFFECTS? 


BY 
ANNE W. STORY 
From the Operational Applications Office, USAF 


This experiment was designed to demonstrate that the effect of apparent pes pars 
FAE has not been adequately tested. The subjects were run under binocular mi is at 
monocular viewing conditions, Binocular vision gave essentially the same e t veut 
had been obtained in previous binocular investigations. Monocular vision gave di 


P en 
results. It was concluded that the effect of apparent size on the FAE has not bee 
demonstrated. 


INTRODUCTION 


It has been asserted that both retinal size an 
figural after-effect (FAE). 
claim that retinal size is the 
the other hand, claims that 
Bitterman were optimal fo: 
that apparent as well as ret 


; Hochberg and Bitterman, the second half. Findings support 
the claim that retinal size determines the FAE. 


Sutherland criticizes the experiments of Prentice and of Hochberg and Bitterman 
for their use of dimensions that maximize a retinal effect. In Sutherland's experi 
ments, the retina] projections of I- and T-figures are asserted to be the same. (He 


, Sutherland finds that FAEs are affected by 

Sutherland repeated the Hochberg and Bitterman 
figures (by moving his small circle towards the subject), he obtaine 1 
1 - Therefore, concludes Sutherland, apparent as well as retina 
Size may determine the FAE. 


ntended to dispute Sutherland's thesis. His method, Uwe 
ible sou: See 
Hochberg and Bitterman. ee wre 


Now, when vision is binocular 


be aligned so that their centres fall on the same line of sight to both eyes. Thus, 
retinal projections of I. ang T-figures are not identical. 
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When I- and T-figures are alli i i 
1 gned at different distances so that the projections 
from these figures are, in fact, the same to a given point and when this $ed is the 


midpoint of the interocular distance, the following situations ensue: 


Illustrative sk 


In the left diagram, fi 
in the right dia. 


"3 this case, the projections fror 
he lines of sight to both eyes. 
So that their centres are aligned fro 
bx misalignment from the othe 
T eyes is obtained by the P. 
de Where the I-figure is close, 
F late from each other as litte ¢ 
Sure is distant, the T-figure a i 


fr 
9m each other as little as possi? 


etch of visual projections from two poi 


xation is at the di 
fixation is at the 
‘hese diagrams are not drawn 
n I- and T-figur 
It would, of course, 
Minima 
hown in Figure I. 
T-figure is se its two retinal projections 
tle as possible; in the diagram to the rig 
is set up S 
That is, 


nts to objects 


istance of the close object; 
distance of the far object. 
to scale. 

es deviate as little as possible from 
be possible to set up the figures 
but such an arrangement would result 
1 deviation from the lines of sight of 

In the diagram to the 
ht where the 
jons deviate 
t up so that 


t up so that i 


o that its two retinal project 
since I- and T-figures are se 
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their projections are the same to the midpoint of the Ad et ie a the devia: 
tion of these projections from the lines of sight to both eyes P d T-figures is not 
It is clear that for binocular vision, identical projection of I- an s g to chefs 
ossible. Furthermore, under these conditions, identical projection even «d 
| occur. Whether monocular inspection and monocular testing were wed 
carried out by the same or by alternate eyes, the T-figure retinal pod NOE. 
differ from that of the I-figure. This follows since the centres of both gu S 
igned with either central line of sight. j 
m ccm whether binocular or monocular vision is used, this method does p 
seem to represent an optimal condition for ascertaining the effect of apparent — 
the FAE. Now, suppose that exactly this method were to be used for both binoc e 
and monocular vision. Clearly, if different findings were to result for binocular a A 
monocular vision, it could not be asserted that apparent size has been demonstrate 
to be a factor in the FAE. ined 
For, if apparent size is the factor that determined Sutherland's results fum 
binocularly), then similar results should be obtained with monocular vision. io? 
monocular findings might be made with one eye or with alternate eyes used 25 
inspection and testing. The use of only one eye, however, permits "retinal n 
well as cortical effects to function in the FAE. Therefore, in the present experiment, 
one eye was used for inspection and the other eye, for testing. . a 
The purpose of this experiment was to determine whether results do differ whe 


z sri 5 t 
monocular rather than binocular vision is used and thus to ascertain whether apparen 
size has been demonstrated to be a factor in the FAE. 


METHOD 


-rest was attached to one end of a 12 x sect ’S 
frame was built at the other end of the table, 12 ft. from the location of the aaki a 
eyes when his head was in position in the head-rest. This frame was designed to ho as 
22 X 28in. card. An identical frame was placed 57:6 in. from the location of his ey a 
and this second frame was hinged to the table top so that it could be dropped forwar 
lifted upright quickly. 


Brown paper was arranged up to a height of 6 ft. about 2 ft. aw; 
the table and around the end away from the subject. 
and was adjusted to be equal for both sides of the apparatus. m m 
. he cards used were white cardboard 22 x 28 in., and all figures were drawn 
indian ink. Two I-cards were used. On one, to be used in the frame 12 ft. from ces 
Subject, a ro-in. outline circle (o1 in. thickness) was drawn 2:25 in. to the side of a Cr ct 
in the centre of the card. On the other, to be used in the frame 57:6 in, from the subj he 
a 41n. outline circle (0-04 in. thickness) was drawn o:9 in. to the side of a cross In 
centre of the card, 

Two T- 
subject, tw, 


Apparatus. A head. 3 ft. table. A wooden 


side of 
ay on each pu 
Artificial illumination was U 


" 

, to be presented in the frame 12 ft. so 
hickness) were drawn 2:25 in. to the bici 
except that the di entre of the card. (These dimensions are the same as Sutherlar 

epi e distance from fixation point to the circle on near card is 0-9 in.) iipon 
SE-the j ese cards were in place, the crosses were directly aligned with the mi p h 
x € interocular distance so that the circles on either side of the crosses would cu 
Same angle to this interocular midpoi 


x i 3 
Subjects. "There were 8o d j ; courses 
UNES e men and 80 women from introductory psychology CoM”. 
at the Univ ersity of California, Berkeley. Each subject was used only under one condition 
Procedure. For Groups I 
The head- 7 iti 
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and say which, if either, of the two circles on that card appeared larger. j 
was asked to close his eyes for a second while the second Gui was being indi 
^ When the subject had placed his chin firmly on the head-rest, the experimenter said 

"ook at the cross," clicked the stop-watch, and timed him for 45 sec. The experimenter 
then said, ‘Close your eyes . . . Open them,” while raising the T-card (Group I) or dropping 
down the I-card (Group II). He then said, “Look directly at the cross . . . Does either 
circle appear larger?" The subject's answer was recorded. 

I-figures were presented on the left and on the right by inverting the I-card. 

This procedure was followed for Groups II and IV except that for these groups, the 
subject held a 3 x 5 in. card over the eye that was not on the side of the I-figure while 
he inspected the I-card with the uncovered eye (both eyes open). While the T-card was 
being presented, the subject closed his eyes for 1 sec. and shifted the 3 x 5in. card to 
cover the eye previously used for fixating the I-figure. Thus the T-card was presented 
to the eye that had been covered during inspection. Otherwise, Group II followed the 
procedure for Group I, and Group IV followed the procedure for Group III. 


RESULTS AND DISCUSSION 


es were found between right and left presentations of the 


No significant differenc 
differences were found. Therefore, the data were 


I-figure, and no significant sex 
grouped as in Table I. 


TABLE I 
RESPONSES OF SUBJECTS WHEN PRESENTED WITH T-CARD 
Group 
I LL III IV 
large distant I-figure small near I-figure 
binocular monocular binocular monocular 

T-figure on same side as I-figur j " á 
, teported larger "s x 10 23 : 

No difference reported . . sA 5 9 7 
-figure on side opposite I-figure B ; 

reported larger e 25 T 


In order to test the significance of results for binocular vision, Group I was 


compared with Group II. In order to test the significance of results for monocular 


i i i three chi- 
Vision zi mpared with Group IV. For each comparison, 
Nun deris One lculated on the basis of all three 


i lculated with two categories of 
Categories of response; à secon 


Tesponse, those subjects reporting no difference in the test aie be Ei 
ivided between the other two categories; and a third chi-square was 7 2 a wi 
two categories of response those subjects reporting OO laa in the test figures 

cing di Its are presented in Table ©. Ji M. 
Tt pepe ES Phiculated for binocular vision are significant, 


isi -significant. Thus 
Whereas all chi culated for monocular vision are non-signt ; 
chi-squares calculate s : , 

results for made vision are essentially the same as Sutherland’s, but for monocular 

Vision re E Tang's: Ss 
» resul from Sutherlan a : af 

Celene tests might be taken to indicate that apparent size is eee 

figural aer effects this supposed effect of apparent size 1s not demonstr ag i y k 

Onocular tests are run under otherwise identical conditions. iu Ee Md 

No reason that, under these conditions, apparent size wou unctior 


chi-square was cà 
d chi-square was ca 
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after-effects for binocular and not for monocular vision. Therefore, it is concluded 
that some factor or factors other than apparent size may be responsible for EE 
findings with binocular vision, that is, for Sutherland's results and for the resu ts 
found in the present experiment with Groups I and III. 


TABLE II 


CHI-SQUARES FOR DIFFERENCES BETWEEN GROUPS RUN BINOCULARLY AND 
FOR DIFFERENCES BETWEEN GROUPS RUN MONOCULARLY 
_ I 
| | 
| 


Groups | | Groups | 
Tus. III | df p |IHwIV| af | b 
Assumption* | j | | 
A 2057 | 2 | >o-oor 571 | 2 | 005 < >0I0 
B 1449 I | Soor | r3y | x | ozo 939 
c 17I9 | Iı 20-001 055 | Ir | 0o30o< 20:59 


| | | | 
a S ———— — IM 
* A: 3 categories of response. 


B: 2 categories of response ("No difference" category divided equally between other 
two categories). 


C: 2 categories of response ("No difference" category discarded). 


Except for the fact that Groups II and IV viewed the I- and T-figures mon- 
ocularly, experimental conditions for these groups duplicated the conditions fo! 
Groups I and IIT. As already stated, this procedure did not provide optimal condi- 
tions for monocular testing of the effect of apparent size on the FAE. Thus, failure 
to find such an effect may not indicate its non-existence, 
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RETINAL SIZE AS A DETERMINER OF THE DIRECTION 
OF SIZE DISTORTION IN FIGURAL AFTER-EFFECTS 
BY 
ROBERT F. TERWILLIGER 
From Douglass College, Rutgers, The State University 


When dealing with size distortions, the direction of the distortion is determined by 
the retinal size of the T-figure with respect to the retinal size of the I-figure. When the 
T-figure is retinally smaller than the I-figure it is distorted toward appearing even smaller; 
When it is retinally larger than the I-figure it is distorted toward appearing even larger; 
and when the two are retinally equal, there is no distortion. If the T-figures are too much 
larger or smaller than the I-figure, the distortion ceases. The traditional distance paradox 
is observed where the distance is defined retinally. The apparent size of the figures is 
irrelevant to a prediction of what sort of distortion takes place. Sutherland's hypothesis 
that apparent size determines the direction of distortion when retinal sizes are equated 


is not supported. 


Kóhler and Wallach (1944) have shown that if an observer fixates a figure, called 
the inspection or I-figure, for a given length of time, certain systematic distortions 
Will be reported in many subsequent figures which are observed. One of these 
distortions in the subsequent figure, called the test or T-figure, is that of size. 
According to these authors, this distortion is restricted to the cortical area close to 
that stimulated by the I-figure. If we are given, for example, an I-figure of a circle 
and a T-figure of two equal sized circles which are larger than that I-figure, one 
Surrounding the area previously occupied by the I-figure and the other at some dis- 
tance from it, then the surrounding T-circle will look larger than its partner. If 
the T-circles are smaller than the I-circle, then the one which falls within the previously 
Stimulated area will look smaller than its partner. If the T-circles are too much 
arger than the I-circle, or too much smaller, then no distortion will take place and 


the two T-circles will appear equal in size. . 
During their investigations, Kóhler and Wallach (1944) situated the I- ai 
Bures at the same distance from the observer, thus making its impossible to te 


x i i ize." ternativés here, 
SXactly w rmined this cortical "size." There are two al 1 
Pie iis e size we mean size constancy size or the 


apparent size and retinal size. By apparent : iti 

act that, for example, a 2-in. circle appears to be the same size Vise t Y p 

TO ft. from the observer, and that it looks its actual size—2 in Hy Es re Cels 

Mean the size of the retinal image, keeping in mind the fact d 2 apium ft. These 

Casts a smaller image on the retina of the ae s A Ee ie both ilie Tenni 
- uivalent resu í X 

Wo alternative hypotheses would lead to eq ince at any given perceived 


"figures are at the same distance from the observer, S1 j ey 
istance, apparent and retinal size will be perfectly correlated, i.e. larger objects 


Will cast 1 : j 
Since Fonte oer siecle talked at great lengths about Coena seen 
Mvolved ; a it might seem that by “size ey would m 
in figural after-effects, 1 8 id 
®*Pparent ma Kohler, in other writings, has maintained that apparent size 1s a 


Corti ; s as any depth information is available to the 
sid oen um pe pid the er in most figural after-effect Sm 

Ochber, “ Bi 1940); (1951) aimed, however, that a retinal size e 
Pretation En tterman a i d. Actually the latter theori i 
LS what Kone a he logical looseness of their model. 


an: 5 : A 
Not be pinned down to any one a gae Heyer (1952) is likewise unspecific. Since 
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they speak in terms of the sensory projection fibres one might say that Osgood and 
Heyer would support the retinal size hypothesis, but this is mere conjecture. The 
question is, then, what “size” is the empirically correct one? 

Prentice (1950), Hochberg and Bitterman (1951), and Terwilliger and Hastorf 
(unpublished), have all presented evidence in favour of the retinal size hypothesis. 
This was done by making the T-figures actually, hence apparently, larger (smaller) 
than the I-figure. But, by putting them farther from (nearer to) the subject than 
the I-figure they became retinally smaller (larger). Thus the situation was such that 
the retinal size hypothesis would predict one direction of distortion while the apparent 
size hypothesis would predict the opposite. The above studies reported that if the 
T-figure was retinally smaller than the I-figure, the T-figure falling in the previously 
stimulated retinal area was distorted toward appearing smaller than its equal sized 
partner even though it was apparently larger than the I-figure. Likewise the T-figure 
falling in the previously stimulated area appeared larger than its partner if the T- 
figure was retinally larger than the I-figure even though it was apparently smaller. 
Evidently the apparent size of the figures was of no importance. 

There are, however, two studies in the literature which might be interpreted to 
show that apparent size also plays a role in determining the direction of the after- 
effect. The first of these studies, done by Prentice (1947), is virtually uninterpretable 
due to a methodological weakness in the design. An angle of about 30 degrees from 
the horizontal existed between the I-figure and the fixation point on the stimulus 
display card. A more recent study by Fox (1951) indicates that this type of situation 
will give rise both to strong after-effects of the type discovered by Gibson (1937) 
and also to Kóhler-Wallach effects. These are regarded by many investigators 
(Fox, 1951; Seagrim, 1957, 1958) as being distinctly different types of after-effects, 
hence the Gibson effects may not follow the same laws as do the size effects in question. 
Since it is impossible in the Prentice study to separate the Gibson from the Köhler- 
Wallach effects, it is impossible to know exactly what the study does show. This 
study has also been criticized by Prentice himself in the light of his subsequent retinal 
size findings (1950). 


The second study, done by Sutherland ( 


. ; f 
the T 1954), showed that if the retinal sizes 0 


and T-figures were equated but the apparent sizes varied by varying the gs 
tances between them and the observer, then distortion was in the direction pr edicte 
by the apparent size hypothesis. Thus, while the I- and T-figures were retinally 
equal, if the T-figures were apparently larger than the I-figure, that T-figure which fell 
in the previously stimulated retinal area would appear larger than its equal size 
e This study is open to several criticisms. The first is that Sutherlan Lim 
b. jects Showed a surprising response set, tending to report the T-figure falling. m 
ne previously stimulated area as larger no matter what experimental manipula jon 


Was performed on them. A second criticism i ; ther 
1 s iticism is that there is « o whe 
à constant visual angle wa ereas some dowht sat 


i was maintained between the figures and the fixation pan 
ead was varied. If this was not done, oar ies senilis in Dé due 
A third E ed variable of retinal locus and not to the apparent size of the figures 
Terwilliger md criticism is that, in a study which was devoid of the above fas 
Indeed, they fou 205. (anpublished) were unable to replicate Sutherland’s an 
E E Axe a slight but insignificant tendency to see the T-figure as sma fed 
are, ohsohant md equal to but apparently larger than the L-figure. These resu 
retinally and those reported by Kóhler and Wallach (1944) when they use 
mary apparently equal I- and T-figures. The: I istent with 2 
retinal size hypothesis y are also consiste: 


iae that assumes i : jll be 
no significant distortion of the hen when retinal sizes are equal, there W 
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The bulk of the results seems to indicate that retinal size is the important and 
probably the only determiner of the direction of the size figural after-effect. There 
seems to be some need, however, for a more thorough investigation of the phenomenon. 
The following study is intended to test the hypothesis that the direction of distortion 
is a function solely of the visual angle subtended by the T-figure in relation to that 
subtended by the I-figure. If the retinal angle of a T-figure falling in a previously 
stimulated area of the retina is larger than that of the I-figure, it will be seen as 
larger than an actually equal figure falling in a non-stimulated retinal area; if it is 
smaller then it will be seen as smaller than an equal sized figure falling in a non- 
stimulated area; and if it is retinally equal in size to the I-figure there will be no 
distortion. Such effects will be independent of the distance of the figures from the 
observer, the distance between the I- and T-figures and of the apparent size of the 
figures. It is expected that Kóhler-Wallach size effects will follow a law of visual 
angle in much the same sense that negative after-images do. In other words, in 
the sense that "size" is retinally defined, Emmert's law applies to these effects as 


well as to after-images of the common sort. 


METHOD 


ly sis w zall i hi i t an opening through 
The apparatus consisted of a plywood wall into which was cu 
which the aabjects could look comfortably with both eyes while seated. E order = 
each subject's head to be comfortably placed in an equivalent position, & ome ead- 
Piece such as that used on a common hand Rei S pri aronnd Puis opene: 
ing Gould be ther side of the wall a 

e opening could be opened or closed from the o vec ee 

of the experimenter Behind the wall was a table approximately y j 
hi íi i le, at distances of 4, 6 and 8 ft. 

all of which ild be seen from the opening. On the table, € , 
from the one ae the observer looking through the opening, were placed stimulus card 


TABLE IA 


Near Inspection 


2 in. circle at 4 ft. (2°23') — 
centre of circle 3 in. from fixation point 


Left of fixation Right of fixation 


Position of | 
| 
| 


Inspection figure i 
Diameter | , $ c 
ï i i | 2in in. 4in. 
est figure 2in. 3 in. 4in. | 2in 3 
Distance of | 
o 
est figures: — 3° 35” | 4°46’ | 2° 23 3° 35 4 40 
4 ft. 2° 23 TA 3 in. 3in. pm 2n » 
on: D rger larger none arger is 
nia Men larger | none larger arg 
none 
2° d o ^ 
6 ft. me 36 z el sin. | 45 in. is š ios 
| 4n. 4'5 ^ larger | smaller awe ner 
| smaller e puer ud a 
| none largi | or | Pg oy 
| i gd ed in. 6i 6in. 
s ? 12 1° 48 i | 6in. 6 in 
7 | oin. 6 in. Du smaller smaller none 
| Dailer smaller east none larger larger 
sma E af 
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TABLE IB 
p MM E (i 


Far Inspection 


4 in. circle at 8 ft. (2° 23’) 
centre of circle 6 in. from fixation point 


| 
Position of | 
inspection figure | Left of fixation Right of fixation 


Diameter of 


test figure | 2in. 3in. 4 in. 2 in. 3 in. i yin. 


Distance of 
test figures: 


4 ft. | 2°23" 3° 35° 4? 46 2° 23' 3° as' 440 
| 3in. 3 in. | 3in. 3 in. 3 in. 3 in. 
| none larger larger none | larger larger 
| yi | | 8 
smaller smaller none . smaller smaller none 
6 ft. | 4°36" 2? 23' | g*ir 1° 36' | ot 23! 3°11" 
x x D ect à ee | og 
45 in. 475 in. 475 in. 45in. | 45in. | 4517 
| smaller none larger smaller none larger 
smaller smaller | none smaller smaller none 
8 ft. 19 yof 1? 48° 2°23’ | 1°12! 1? 48 2° 25' 
6 in. 6 in. 6 in. | Gin. 6 in. | 6in. i 
smaller smaller none , smaller | smaller | none 
smaller smaller none | smaller | smaller none 


———— — RN. 


holders built to receive cards 3o in. in the horizontal direction by 1o in. in the vertical. 
The holders were such that cards could be slid easily in and out of them. The whole 
Aparatos was illuminated from above by one 40 Watt fluorescent bulb situated 50 in. 
ES e adip such a manner that each card holder received approximately the same 
"pula ight and such that the light would be distributed evenly over the surface O 
, The stimuli were line circles drawn in indian ink on white illustration board. The 
Do pe Ed un pea NES dv in. On each stimulus card was Pire in indian 
HER ee 3 x xation point. This cross was located in the centre of the card, which 
Piet D «s W an a way that the subjects would fixate the cross while looking 
fixation SE : i ihe gures consisted of a circle placed at one side or the other of the 
The map s wi the centre of the circle on a horizontal line with the fixation point. 
gures were pairs of circles, one on each side of the fixation point, both equidistant 


from it and wi i 72 2 15 ; A si 
‘through e" with their centres in a line horizontal with the fixation point and passing | 


The L-figure was either a 2-in. diz i in, circle 
8 ft. 2 2-in. diameter circle 4 ft. from the observer or a 4-10. circ a 
Bert d uA subtended the same visual angle and both were drawn so that their 
could hats pete Aes same angle with the fixation point. At each distance, the ]-circle 
inspection Gnd ht or to the left of the fixation point, thus making possible four differen 
either 4, 6 or 8 n The T-figures were pairs of 2-, 3- or 4-in. diameter circles 2 
both the I- and qom the observer, making nine T-conditions in all. The centres 9 
all ‘conditions, COLS subtended the same angle with respect to the fixation point in 
Table IA and IB sh e were, therefore, 36 different possible experimental condition? 

Show the details of these as well as the predictions made for each. 


In each cell 1s recorded in the following order:— 
(1) The visual angle of the T-circles 

(2) The distance between the centre of each T- 
(3) Distortion on the previously stimulated si 
(4) Distortion on the previously stimulated 


ee 


-circle and the fixation point. 
de if the retinal hypothesis is true. | 
side if the apparent hypothesis is "^ 
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mee i and eighty subjects in all were used. These were undergraduates of 
r 5 e Ww t: ere enrolled in the introductory psychology course. Each subject was 
ats dep: ations w hich were in all respects identical for any given subject“except 
Mondo: à s 9 the I-figure. Thus each subject was run once in a Near Inspection 
Gnd Ag s nd Sage in a Hap Inspection condition, but in both of these the I-side, T-size 
ti esl ance were the same. Half the subjects were given the Near Inspection condi- 

on first and half were given the Far Inspection condition first. Otherwise the subjects 


were assigned to conditions randomly. 
Ké hà Rupee emere ees ae a the following way. When the subject arrived 
tha s asked to sea : imself and a ter placing his head in the head piece, to look through 
F opening in the wall. He was shown a 2-in. circle at 4 ft. and a 3-in. circle at 8 ft. 
deae rid and asked to say “which circle is the larger.” This condition was intro- 
E E puce that some degree of size constancy existed in the situation and thus, 
E l d E apparent size were not perfectly correlated, that the apparent size 
|vpothesis was getting a fair test. Note that the retinal and apparent sizes of these 
circles are opposite here—the retinally larger is apparently smaller. 
m E the size constancy judgement, the first of the figural after-effect measurements 
ade. The subject was told that he would see a card with a circle and a cross on it 
and that he was to fixate on the cross. He was told that he “could blink his eyes normally" 
but that he should try not to move them off the cross. This fixation was to last for 
1 min, which was “a long, boring time" so he should be patient. He was told that at the 
end of the minute, the experimenter would close the ópening and while it was closed he 
was to keep his head steady in the head piece. When the window opened again, he would 
see another card and would be asked to make a judgement about it. 
The subject was then made to fixate the cross on an I-card for 1 min. at the end of 
Which the opening was closed while the experimenter changed cards. When the T-figure 
Was in place (this took about 5 sec.) the window was opened and the subject told to 
fixate the cross and, while fixating, compare the two circles in size and tell me which 
looks larger." If the subject responded that they looked equal, he w told that he must 
Pick one or the other using whatever means he chose. Following this the subject was 
sent out to rest for 15 min. at the end of which time he was run in another figural after- 
effect study. Fifteen min. following that study, during which time he rested, the subject 
Was brought back and made his second judgement in this situation. The conditions were 
the same for the second judgement as for the first with the exception th 


at the I-figure was 
at the other distance. 


RESULTS AND DISCUSSION 


s in the size constancy judgements indicates 


situation. Only two out of the 180 subjects 


-in. circle was larger than the 3-in. circle. 
that the situation was a fair test of the apparent 
ried independently 


izes could be va i i 
n conflict and see which dominates 


A look at the responses of the subject 
as operating in this 


that size constancy w 
ie. said that the 2 


responded retinally, 
Therefore we are safe in assuming 
Size hypothesis since the retinal and apparent S 
9f each other, thus allowing us to put the two ir 
the subjects' responses. 
Table II shows the resu 
that when the T-circle was reti 


Its for the main experimental conditions. It can be seen 
nally smaller than the I-circle (groups 7, 8, 13, 14, 15, 
16), the circle on the stimulated side of the fixation point was reported as smaller 
than its partner in all conditions. T his held in spite of the fact that the apparent 
Size hypothesis would have predicted either no effect or the C iege eo in a 
;onditions when the I-figure was near to the subject. Thus in these conditions the 
etinal si isi strated. 

LEE > gares subtended equal visual angles oe I, 2; a I0, em 
there were no significant distortions, either in any D mm = w s 
AUS for each group Were summed (Near Inspection, X = 073; ar nspec s h 
d 0-48, d.f p . Since the subject was forced to choose either “left” or nig p 
Ìf no distortio; ws king place each response should occur equally often. Since 
ion was taking P ]so in the direction predicted 


a 
Sre are no significant differences these results are 


18) 
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TABLE II 
————————— — 
fi Far 
Near i Te 
Inspection Figure nie oad 
223" 2? 23 - 
"ji I i Exact T i Exact 
Test Circles Responses Left Right Pp Left Right P 
2 in. T at 4 ft. Left : p 
229. Larger 4 4 3 ] 
(1) Right 0:675 (2) 0:314 
Larger 6 6 8 6 
3in. T at 4 ft. Left 
3° 35’ Larger 6 o 6 I UR 
(3) Right 0:005 (4) 2 
Larger 4 10 4 9 
4 in. T at 4 ft. Left 
4° 46" Larger 7 4 5 4 N 
(5) Right 0:185 (6) 0:500 
Larger 3 6 5 6 
2in. T at 6 ft. Left 
1? 36^ Larger 3 8 2 7 y 
(7) Right 0:035 (8) 0:035 
Larger ap 2 3 
3in. T at 6 ft. Left 
arid Larger | 5 3 : 4 P 
(9) Right 0:325 (10) 0:50! 
Larger 5 7 5 6 
4 in. T at 6 ft. Left 
2o Larger 5 o z 1 h 
(11) Right — 0-016 (12) 0152 
Larger 5 10 6 9 
2in. T at 8 ft. Left, 
1" 527 Larger I 9 o 7 " 
(13) Right 0:0005 (14) 0:002 
Larger 9 1 xà 3 
3in. T at 8 ft. Left 
1° 48” Larger 2 7 "1 8 . 
(15) Right ——|—— —] 0035 (16) 0'012 
Larger 8 3 8 » 
4in. T at 8 ft, Left 
2° 23° Larger 2 2 4 à 
(17) Right [———|— — | 0-709 78) = 0:314 
7 
Larger 8 8 a 8 
* 180 subjects used, eac 


h measured twice, 


side of I-figure were constant. 


For each measurement the T-figure and 
Only the distance of the I-figure varied. 
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apparent size hypothesis or of Sutherland's modification of it which states that 
apparent size will only show its effects when the I- and T-figures subtend the same 
retinal angle. 

When the T-figure is retinally larger than the I-figure, once again the retinal 
hypothesis is generally supported (groups 3, 4, 5, 6, 1z, 12). The subjects tend to 
Teport the stimulated side as larger than the non-stimulated side. There are, however, 
certain exceptions here. The 4-in. test circles at 4 ft. (groups 5, 6) do not show any 
Significant distortions. The reason for this would seem to be quite simple. These 
circles are retinally the largest of any of the T-circles, large enough, apparently, so 
that they escape being distorted. We mentioned above that if the T-figure was 
much larger or much smaller than the I-figure no distortion would take place. This 
finding, originally reported by Kóhler and Wallach (1944) and later verified by 


FIGURE 1 
100 e 
5 
90 Ei 
3 = 
2 E 
5 80 c 
$ S 
eee 20 a 
o: 
ze : 
$$ 5 ° 
s i 
& 9 40 
E 
E $i Near | (4 ft.)e————* 
& 0 Far | (8 ft.) e---- 
“10 
1912! 1°36' 1°48! 293 II^ 395 4°46) 
Visual angle of T-figure 
Percentage of “Stimulated side larger" responses as a function of the 
visual angle of T-figure. 


others (Pollack 1958), is generally known as thedistance paradox. Briefly described, 

s phenomenon is that, starting from equality, as the T-figure grows larger (or 

Smaller) than the I-figure, distortion first increases and then decreases. The lack of 

Significance in question can be most S be ammon by assuming that this 
circle, bein large, is on the decreasing part of the function. 

To Mkate is the reader is referred to Figure I which a Te 

ot "stimulated side larger” responses as a function of the retinal angle of the T-figure. 


Tt wi : + of the curve representing T-figures retinally larger 
il be seen that in that part of sing and iin decreasing function reminiscent 


It (group 12) is concerned, we can give no 
bias which was noticeable in all conditions 
as a significant tendency for the subjects 
he experimental condition. 

i "right" was preferred to "left" as 
Doer nct ith Fr pimp. using the Far 
" js not in favour of our 
," this response bias can 
The fact that in 


12 Feport the right-hand circle 
a a all groups with the Near 
n sponse at the p —o:0r level (x 
rene ection figure (3? = 9'8). Since th m 
o tinal size hypothesis any more than is the 
nly Conceal significant differences in favou 


= sy 
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n d "our of 
most cases we did get significant results speaks all the more strongly in favou 
ud: dí pie of this response bias in terms of the retinal angle of the ae 

hos : in Figure 2. Although it appears that there may be fewer ` pmi E. m s 

shown difference in size between the I- and T-figures increases, this tendency (Near 
a dm either the Near Inspection or the Far Inspection mni je 
Inspection, X = 2:6, p >o-10; Far Inspection, x? = 0:2, p 70:50). From t ree 
collected, no reasons can be offered as to why this sort of response m ie Mi Ralj- 
have appeared. One suspicion is that it may be connected with the s - : ). These 
meridional differences reported by other investigators (Brown, 19534, 1953 T mol 
are differences in the apparent sizes of objects which vary according s na Pons 
the retina is stimulated. Thus, for instance, the same object may look larg 


FIGURE 2 
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Percentage of “Right Larger" responses as a function of the visual 


it falls in the left half of the retin 
however, no evidence in the literat 


subjects. 


Returning again to Figure 1 
near I-figure and for the far I-fi 
the retinal size hypothesis wo 
changes (McNemar, 1955) 
Subjects’ responses from t 
Therefore the retinal size h 
significant differences even 
the two Broups would prod: 


Sekt 


The above stud: 


Doctor of 


Philosoph 
Albert Hastorf, D. H 


y was done in partial fulfil: 
y at Stanford Universit: 


1*36' |*48' 223 sie 


Visual angle of T-figure 


355 346 


4 
Ay 


^ 


angle of T-figure. 


; ; There is, 
a than when it falls on the right half. T 
ure of any systematic differences of this sort o 


, it is necessary to show that the functions for e 
gure are not significantly different, since this is W vi 
uld predict. A McNemar test for the Sigue, 
indicates that there was no significant change of ) 
he Near to the Far Inspection condition C= uis 
ypothesis is supported in this point too. There are 


A at 
though the apparent size hypothesis would predict th 
uce completely opposite results. 
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IS THE FIGURAL AFTER-EFFECT ACCOMPANIED BY 
CHANGES IN DISCRIMINATION? 
BY 


J. WILSON 
From the National Physical Laboratory, Teddington 


i £ ative 
In the figural after-effect one part of the visual field is apparently axphtded sene P 

to the rest, and it is suggested that the expansion might correspond toan mer OV direction 

discrimination. An experiment, in which subjects were required to judge the > 

of curvature of lines after fixation of a straight line, showed no such improvement. 


INTRODUCTION 


Köhler and Wallach (1944) sum up much of their work on the figural dr 
(FAE) by the rule that contours of the test figure appear to recede from post "ne 
which were previously occupied by contours of the inspection figure. This eec 
of contours is local, affecting only that part of the visual field which is near 
inspection figure contours. . the 
The field in which the test line is seen seems to be expanded in the region of her 
inspection line relative to other parts of the field. The question arises whe 
discrimination is changed by this relative expansion of part of the field. ge 
apparently increased distance correspond to an increase in the number of J gy 
Which go to make up that distance? This seems likely, for increased famibo 
with a figure should make it easier to discriminate that figure from others like Ta 
Moreover, Deutsch (1951) found an analogous effect in hearing; stimulation of D 
ear for 4 min. by a tone of 1,000 c.p.s. caused a reduction of 47 per cent. in DL at 
pitch at that frequency, as against 2 per cent. when the stimulation had been 


f À ^" nt 
800 c.p.s. The aim of the present experiment was to find whether this improveme 
in discrimination accompanies the visual FAE, 


ESTIMATION OF EXPECTED MAGNITUDE 

If the FAE is accompanied by 

be possible to determine from data 
change in discrimination which wou 
The magnitude of the change can 
of FAE with distance between ins 
between the Position of a test fig 
inspection line is D, and the mea: 


a local improvement in discrimination, it p 
on the FAE the magnitude and duration of 

ld be expected. sO 
be obtained from the curve showing the variati có 
pection and test contours. If the real did 
ure and the position of the previously ed 
; sured amount of after-effect is A, the appare 
distance between the positions is given by D + A, Then the ratio (Average i 
Wo inspection) (Average JND before inspection) is given by DJ(D 4- A) = 1/ G E 
AD), AJD er-effect curve near the origin, where the after-effe 
the distance. 


i , to 
dece Da pu age of correct judgements when a subject is asked in 
say whether & particular curve is concave left or concave right. The guine E 
JND gives an improvement Which is equivalent to a shift to a new sigmoid curv 


ls ] 
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I0 per cent. smaller standard deviation; that is, if a figure differs sufficiently from 
the straight to be correctly judged x per cent. of the time, the same figure will now 
be correctly judged more often because it lies further out on the new sigmoid. The 
difference. in height of the two sigmoids for each particular departure from the 
standard is the expected improvement in percentage of correct judgements, and this 
is maximal at 2 per cent. with an average of correct judgements for both ‘curves of 


approximately 80 per cent. 

The above estimate of magnitude is for tests made within a few seconds after 
the end of the inspection period. The FAE falls off rapidly at first and then more 
slowly, and the change in discrimination would be expected to follow the same course 
in time. Thus for a 15 sec. inspection period the FAE would be halved in about 
UE (Estimated from data by Ikeda and Obonai reported by Sagara and Oyama 

57). 

EXPERIMENTS 


T (i) It is necessary to compare discrimination in a condition which would produce an 
AE with discrimination in a similar condition which would produce no FAE. Thus:— 


Condition I. Fixation on a vertical straight line; 
Flashed vertical straight line; 
Flashed test figure, slightly curve 
curved concave to left or right. 


Condition II. Fixation on a horizontal straight line; 
Flashed vertical straight line; 
Flashed test figure as before. 
lt would be expected that fixation on the vertical straight line (which is in the same 
Position as the test line) will cause an FAE which exaggerates the apparent curvature of 
the test line, while fixation on the horizontal straight line will have no such effect. The 
flashed vertical straight line is inserted to counter the objection that merely seeing the 
Straight line may be enough to improve the discrimination; the line is seen in both 


conditions. 
To check whether the FAE is present, we add:— 


Condition III. Fixation on a vertical curved line; — 
Flashed test figure (also curved), subject judges whether it is curved 
concave left or right. The curves are varied right or left in accordance 

with the method of serial exploration. 

This measures the after-effect of inspection of a curved line, and a positive result would 
Confirm that the FAE occurs in this experimental set-up. To test whether inspection of 
a straight line produces a similar FAE a comparison curve would ve pen ee 
esi ion; thi i /'ev nt in this context; were it to fa, e argument 
ituation; this test is, however, redunda: o erect eset 


eadin c i improved discrimination would be inva 
g to expectation of imp de, but were it to succeed it would not help to show that 


experime ;e been ma v | 
E Cups medir Nevertheless, it would be expected to succeed, for Kohler 
and Wallach (1944) state that the magnitude of the after-effect is not altered by an inter- 
Change between test and inspection figures; that is, inspection ofa straight line should have 
€ same effect on a curve as inspection of the curve has on the straight. 


ii " í two-channel tachistoscope onto a beaded screen 
(ii) The figures were projected by aware projected. Background illumination was 


9n which a i ; t was i 
Provided by DT n ET o that the projected figures were seen in clear contrast. 
The eus sat Rd front and to one side of the tachistoscope. In all the experiments 
the spe gets told to keep his eyes 25 well as he could on the fixation spot, then to 
Judge whether th sad li S. shown was concave left or concave right. If in doubt, he 
Was to make ‘th iy 5 ess he could, as he would be right more often than not. This 
last was se cpm es. ipe. for each subject, on the basis of a preliminary run, an 
Pair of p wipe SEM à B ie of about 80 per cent. correct judgements, this being the 
PES as calculated above. paul go dd. de 
a AMI figures were sin le black 1t = 
White disc 7o cm. diameter. he figure was P 


d, subject judges whether it is 


3mm. wide placed centrally on 


d 
en assed through 


rojected so that the line p 
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i T res were 1°77 m. 
the fixation spot, which was bright and of 7 mm. diameter. The figures were 17r 
um NR Mini infa of figure: a vertical straight line, a horizontal straight ues 
and acetic curved line, the ends being displaced to right or left by 003; 0-07, , 

. -44, 0°84, 1:62, 3:12, 5:7 mm. giving a logarithmic scale of curv ature. —— 
o b condition III, the 5:7 mm. curve, L or R, was used as inspection figure gu Pope 
of the others used as test figures. For conditions I and II the straight lines were us 


i 3 d or o:84 
inspection figures and the test curves selected as above were either o-44 L and R or 
L and R. 


i5 years old. 
(ii) Ten subjects were used, men and women between 18 and about 35 Dm 
Each subject had five sittings at each of which two runs were made in each of c 
I and II. FAE was measured in one run added to the last sitting. i —Ü 
Each run consisted of 22 inspections followed by judgements, in this se E ed 
15 sec. inspection figure, }sec. blank, r sec. vertical straight, } sec. blank, pes ee 
figure, 4 sec. blank during which the judgement was made; repeat to make SP ener xU: 
ments of which the first two were discarded. Five min. rest before starting ano H athe 
In each sitting the order of conditions I and II was randomized, and in each pene m 
sequence of left and right curves was randomized, except that there were ten of ca 


SI A F > or lefts was 
a run and that any sequence containing more than four successive rights or lefts 
rejected. 


n sine t the 
For two subjects, numbers 9 and 10, the above scheme was varied by leav impone 
flashed vertical straight line, showing: 15 sec. inspection figure, 2 sec. blank, 1 sec. 
figure, and 4 sec. blank during which the judgement was made. 


RESULTS 
The results of the experiment are shown in Table I. 


FAE: Average curvature in the 
same direction as the I-figure for 
transitions L to R or R to L (mm.) 


| | | | | Mean 
r9 | 0-95 | "4 | rg | r87 | o95 | 095 


TABLE I 
Subject No. | 1 | 2 3 | 4 s | 6 ¢ eh wg 10 aad bie 
| 3 gen 2,000 
Correct judgements | Condition I | 157 | 120 | 170 | 155 | 159 | 146 | 134 | 148 | 155 | 149 1493] — 
of direction of i eat “7,304 | 2009 
curvature, | Condition 1 | 156 | 132 | 160 | 134 | 166 | 164 | 14r | r44 | rsr | 156 1504] 7 — 
| | f T B 
| 


| orgs | r83 | r62 r3: 


The difference between conditions I and II in the proportion of correct judgement 1 
issmall, giving x? = o-x6forrd.f. Little difference is made to x? by taking separate? 
the two subjects who were not shown the flashed vertical line, and half of the subjec* 
favoured each of the conditions. — 

The value obtained for x? is not significant. Moreover, if we assume the imp! nell 
ment in discrimination to be 1o per cent. as estimated above, then the frequencies be 
correct judgements obtained in the two conditions of the experiment would each » 
à little more than one standard error from the mean, so that the combined result 15 


significantly different from that expected: it is unlikely that there is any differen? 
in discrimination of this magnitude. 

Measurement of the 
of change in discrimin 
and R 
It can 


P i i stimat? 
FAE gives results comparable with those on which the rs R 
Í ation was based. The curvature for changeover from E Ta. 
to L judgements was calculated by interpolation and is presented in Tab'* 


: indicate 
be seen that all subjects showed an FAE and that the average FAE e 

à curve with ends displaced by 1-33 mm., approximately 23 per cent. of the C" 
used as an inspection figure. 


CONCLUSIONS 


i l gil 
The experiment Shows that a period of fixation on a straight line does not En 
to an improvement in discrimination of the direction of curvature of lines whic? 
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nearly straight. Because it is shown that the same period of fixation of a curve in 
the same conditions gives an FAE, it seems that the FAE is not associated with an 
improvement in discrimination. 

It is possible that the distortion of the field which is the FAE is accompanied by 
changes in discrimination, but that it leaves the immediate vicinity of the inspection 
contour unaffected. Such a change would not be shown up by this experiment; and 
an experiment designed to measure it would be more difficult as it would need to 
separate changes of discrimination from changes in apparent position. 

.— The experiment of Deutsch (1951) mentioned above shows a definite improvement 
in discrimination, this experiment shows none. It may be that judgements of pitch 
and judgements of curvature are not comparable, for instance because pitch is judged 
inoctaves, Another possibility is that the measures used do not behave in the same 
way. Deutsch asked his subjects whether the tones were the same or different, 
thus allowing an equals category, while in the present experiment none was allowed, 
the intention being to measure the discrimination between curvatures rather than 
to measure the range over which the subjects could regard the lines as straight. It 
is possible that a measurement of this latter would show the expected changes; 
however that may be, no changes of discrimination are found in the present experiment. 

"The work described above has been carried out as part of the research programme of 
the National Physical Laboratory, and this report is published by permission of the 
Director of the Laboratory. The author desires to acknowledge the valuable suggestions 
and comments of Mr. A. Watson and of Dr. S. Papert. 
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FIGURAL AFTER-EFFECTS AND APPARENT SIZE* 
i BY 
N. S. SUTHERLAND 
From Institute of Experimental Psychology, Oxford University 


Sutherland (1954) obtained results which suggest that when the retinal size of test 
and inspection figures is equal, the direction of the FAE may be determined by the 
relative apparent sizes of the two figures. Other investigators have reproduced this result 
when exactly the same conditions were used: when the conditions were changed the result 
was not obtained. In the present paper these results are discussed and an attempt is 
made to determine why the effect is not obtained with small variations in the experimental 
conditions. It is further shown that some FAE phenomena cannot be explained by the 
two main existing theories; these phenomena could be explained if some analysis of the 
stimulus is being performed before the stage of the nervous System at which the process 
underlying FAEs occurs. Some recent physiological evidence (Hubel and Wiesel, 1959) 
supports this hypothesis. If this hypothesis is correct, it is likely that further work on 
FAEs determined by apparent size may help to throw light on the physiological mechanisms 
underlying size constancy, and some further experiments are suggested. 


INTRODUCTION 


Three of the papers published herewith attempt to confirm some findings of mine 
on FAEs (Sutherland, 1954). In this experiment it was found that, when the retinal 
Sizes of test and inspection circles were equal, the test circle appeared smaller after 
inspection of a figure further away, and larger after inspection of a figure nearer 
than itself. I interpreted the results to mean that when the retinal sizes of two 
figures are equal then the direction of the FAE is determined by their relative apparent 
Sizes, 1.e. a test figure will look smaller after inspection of an apparently larger figure, 
larger after inspection of an apparently smaller figure. I shall refer to this effect as 
the A-effect. Of subsequent experiments reported on this topic only two have re- 
produced exactly the conditions used in this experiment. Story (1961) and Day and 
Logan (1961) both obtained the A-effect when (i) binocular viewing conditions were 
used; (ii) the distances of the figures from the eye were 144 and 57-6 in.; (iii) the size 
of the near circle was 4 in., and of the far circle 1o in.; (iv) the circles Were outline 
circles. Under these conditions, if the far circle is inspected, the near (test) circle 
ree sd than usual; if the near circle is inspected, the far (test) circle appears 
Miis n five experiments (including other experimental conditions used by Story 

y Day and Logan) in which conditions were not exactly the same as those 
t obtained. Thus the original result appears to be repro- 
ons of the original experiment: it is not reproducible if these 
© question the interpretation which I originally 
of the present paper, I shall examine what happens when the 
ment are varied and consider whether the results obtaine 
ea e In the second half I shall attempt to set a 
à erations w ich affect the int rpretation of these experimen 
e pes s dn interest in their own right. Inspection, test ‘and com- 
suitinavizen: the wet e erred to respectively by the letters I, T and C. Table 


* This paper was prepared at the request of the Editor 


"Lm. EEUU co lx aa >. 


md 
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. APPARENT VERSUS RETINAL SIZE 

Binocular vision 

Using identical stimulus objects to those employed by Sutherland (1954), Story 
under binocular viewing conditions confirms the result I obtained, but finds that with 
monocular vision the T-figure falling on the same area of the retina as the I-figure 
tends to be seen as larger than the C, irrespective of whether the T-figure is nearer 
or further away than the I. She suggests that the effect found when both eyes are 
used may occur because under these conditions the visual angles subtended at the 
two eyes by the circles in each of their four possible positions are different: also since 
the angle between the fixation point and the centre of the circle will differ, test and 
inspection circles will no longer be exactly concentric. There are four reasons why 
this does not seem a very plausible explanation. (i) The relative displacement of 
the positions occupied on the retinae by different circles will be maximal for the 
point on each circle lving furthest from the fixation point (i.e. the outermost point 


TABLE I 
SUMMARY or RESULTS ON EFFECTS OF RETINAL AND APPARENT SIZE 


eee e E LU s 


Results 
Whether I-figure judged larger or smaller 
Size Distance than È 
of circles of circles 
$ ; Outline] |Binocwar|| T Near | T Far Both | Both 
Experimenter | Far | Near | Far | Near dise | monocular| 1Far | I Near | far | near 
too | 4:0 144 | 576 o B smaller* | larger* | 
24 | o6 | n8 | 295 o B smaller* | same | 
2 | r6 | n8 | soo o B smaller | smaller 
"2 | r6 | 144 | 720 o M smaller | smaller | same smaller* 
| D M smaller* | smaller* | smaller* | smaller* 
roo | go | 144 | 576 o B smaller | larger* | larger | same 
Sto | D B smaller | same, | larger | same 
7; os : eo]: “6 o d arger* | larger 
22 ons i 4260] :3£ o B smaller* | larger* 
Terwilliger TS 20 96 | 480 o B same same same | same 


N.B. AN sizes and distances are given in inches. 
Result significant at better than the 0-05 level of confidence. 


On each circle). In terms of relative displacement at the retina the effect even here 
is very small. Ihave calculated the visual angle subtended at each eye by the distance 


etween the outermost edge of each circle and the fixation point. These calculations 
&ive the following results for the circles in the four possible positions relative to the 
Syes: by “same eye" is meant the eye on the same side of the head as the side occupied 


by a circle i ‘on to the fixation point. (a) Far circle, same eye: 4° 51' 56". 
rcle in relation vr (c) Near circle, same eye: 4? 52 3". (d) 


(b) Far circl t . 49 ET 
, te eye: 51 3 i 

ear circle bine age 4 RE 4'. Thus it will be seen that pie pu 
lo ecl xceed 1' of arc, and it may be doubted if this 
es the amount of displacement excee pii ea ties 


Would have any eff :cularly since the contours use 
ave a ct particularly 5 
2'24" in breadth PE thecal if the distance of the near shapes from the eye 


Vari : r9 is produces a 30" change in the visual angle sub- 
COM INE <a Oy es oD "En Din any of the experiments reported the distance 
9f the shapes from thë eye was controlled to within a tenth of an inch. f om se 

erself states, the same effect should occur with monocular E. Een a te 
Alignment of the eyes and cards are the same under these a i ee ia Es 
Ye alone is being used, if both the "T- and I-figures are exposed on the opposite 


"1 ir vi 3 irection 
H : i over 20" in their visual angles: the direct 
T Sye, thereryillibe 3 diferen si is near or far, and we might 


of dj y the I-figure 1 
the distance will depend upon wedha 4 un as eedaller thaid SERT 


“Xpect that when it is far, the T-figure S 
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is near it should be seen as larger. Unfortunately, Story does not break down her 
data for monocular viewing according to whether T- and I-figures were on the same 
or opposite sides as the eye used so that this prediction would only apply to half the 
trials she reports. Nevertheless, there is no sign of this trend in her results for 
monocular viewing. (iii The effects to be expected due to the different spatial 
positions of the two eyes should be even more striking when the distance between 
shape and eye is less than in Story's experiment, and when the I-figure is shown to 
one eye and the T to the other: although these conditions have often been used in 
experiments on FAE no effects of this sort have been reported. (It might, however, 
be worth looking for them in future experiments.) (iv) Finally, although Story 
suggests that the different visual angles subtended by the figures at the retinae might 
be the explanation of the effects obtained under binocular viewing, she does not 
show in detail how these effects would be predicted by the geometry of the situation, 
and it is difficult to see how the effects found could in fact be produced in this way- 
Nevertheless, the suggestion is an interesting one and could be followed up by experi- 
ments in which the figures are placed closer to the eye and conditions of alternating 
monocular viewing are employed. i 
It is possible that the reason why the A-effect is obtained only when both eyes 
are used is that binocular vision itself provides a cue to the distance of the figures 
and thus to their relative apparent sizes (v. below): thus, the fact that the effect 
only occurs with binocular viewing does not necessarily conflict with the hypothesis 
that under some conditions the FAE may be determined by apparent size, and indeed 
can be interpreted within the framework of this hypothesis. 


Size of circles 


If smaller circles than those used by Sutherland are employed, the A-effect does 
not occur (Day and Logan, 1961; Terwilliger, 1961; McEwen 1959; Oyama, 1950): 
the usual result under these conditions is that the T-circle looks smaller than 
whether I is nearer or further away. (It should be noted that Terwilliger did not 
obtain this result J When the retinal size of T and I was the same, he found no chang? 
in the apparent size of T.) This effect is also found when T and I shapes are the 
same distance away as one another (Day and Logan (1961), cf. also Köhler and Wallach 
(1944)). Day and Logan make the interesting suggestion that this shrinkage may 
resemble a time error effect though they do not discuss the details of how this might 
occur. Unfortunately, from what is known about time errors, one might expect mr 
n e effect with small circles. When a series of stimuli are being judged, there 
PE en dt Es in the middle of the series where (after practice) there is no constant 
calls is ve this point, time errors tend to be negative, below it, positive. We shall 
"— pm the ‘adaptation point.” Subjects will have an adaptation point ae 
cone ENDE it will usually be shifted in the course of the experiment: 
smt dem circle is shown as I-figure this should shift the adaptation point 
Wü de m it shifts it downwards further for that part of the visual field o? 
eru rene i is ages than for other parts, we would expect the T-figure to be 
nta an the C-figure: the T-figure is less far away from the adaptatio? 

at part of the visual field than is the C-figure from the adaptation point 


at its part of the vi 5 E 
to die e visual field. Day and Logan obtained exactly the opposite res" 


Thus, th i . P . 
Nae fune de dT in applying this type of explanation, though th* 
circles (found by Day "^ Log : ange in direction of the FAE with different s!2° 


i : n) and the change in direction of TE (found by Watso™ 
1057) is very suggestive. Nevertheless, Day and Logan's work PA um 3 diffict t 


E ———————— "Dn oÀ—À M ———)]HSÁ ÀÀ PÀ]ÓÍáM—À————n— a LLL 


Fu S499 


ie work of Hubel and 
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^ xe ag the A-effect as due to differences in apparent size because of their finding 
at when large circles ari vay, i S 
o g s are used and both are far away, the T-circle appears larger 


Outline and filled-in circles 
Day and Logan show that the A-effect occurs with outline circles but not with 
filled-in circles: it is hard to see what explanation could be offered for this at present. 


Further discussion 

One very ingenious recent experiment has demonstrated in a most convincing way 
that an FAE determined wholly by apparent size does occur under certain conditions: 
Gregory (personal communication) has shown that if the apparent size of a figure is 
made to shrink continuously while the retinal size remains the same, when the shrink- 
age in apparent size is stopped suddenly there is a dramatic increase in the apparent 
size of the figure. This phenomenon is very striking and is seen by all observers. Since 
this shows that a FAE determined by continuous change in apparent size can occur, 
the question arises of why it is so difficult to demonstrate the effect with static figures. 
There are three possible answers to this. 

. (1) It may be that just as with FAE due to retinal size, t 
Size only occurs if the difference between the apparent sizes of the T- and I-figures is 
Optimal (cf. the distance paradox). Ifthis is correct, we would only expect to obtain 
a FAE due to apparent size under limited conditions. This suggestion could be 
tested experimentally by keeping. one circle a constant size and distance and varying 


the size and distance of the other keeping retinal size equal. We would expect an 
effect due to apparent size to occur only within a limited range of size and distance 
ment, because the apparent size of the 


Of the other figure. In Gregory's experi: t 
Inspection figure changes continuously, these changes are bound to straddle the point 
Which would be optimal for producing the effect. 


(2) The conditions of the experiments performe 
there may be a temptation to judge in terms of retin 
Shapes of different real size are aligned side by side, su 
in terms of retinal size (Joynson and Kirk, 1960). 


9r the occurrence of the A-effect, using for T- and C-figuri 
Physica] size but different retinal sizes at different distances away from the observer 


and not aligned opposite one another. The T-circle could be kept the same retinal 
size as the ji and the C-circle would be a different retinal size: subjects bera be pe 
9 compare the veal size of T- and C-figures. These experimental vods shou : 
end to favour judgements in terms of apparent physical size rather than apparen 


Tetinal size. 


he effect through apparent 


d with static figures are such that 
al size: it is known that when two: 
bjects tend to make judgements. 
It would be interesting to test 
es two shapes of the same 


(3) It may be that app s FAE when the appari a 
By Dp et arent movement eftect: 

JS ch; ; :« where there has been an app l 1 

if eade: oye dere in important finding since it would reveal a difference 1n 

the Sehr is would apparent movement and judgements of apparent size 

(v. (Cte aed pe qu reestablished by a thorough investigation of the static 

¥ ` o à 
“fect along the lines set out n (x) and (2) above 


o 
ETICAL CONSIDERATI! l 
suggests a new theoretical approach to FAE 


i i tive, it may 
ts described above in perspective, À 
chis: it has suggested itself independently 


arent size only influence: 


NS 
THEOR 
Wiesel (1959) 
e experimen 


ms. [ ee th 
n order to S this approa 


be 
E 
Vorth setting out briefly wha 
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rorkers i e field, and Papert is currently engaged on testing 
toa — Pe T d be stressed an a new approach is pu puer 
prae d ums espoused by Kóhler and Wallach (1944) and by Osgood a sese 
is vh unable to account for many of the phenomena of FAE. T hey pera 
En inspection of a contour results in any contour subsequently falling ed x editi $5 
contour being seen as displaced away from it: the amount it is disp pat sese sl 
depend upon the distance separating the two contours on the E ET attested 
be a point at which displacement is maximal. Three instances o Tn Tigua X 
phenomena which this theory is unable to explain will be quoted. (1) at heil 
if the I-line is fixated, the T-line should appear as shown (P): displaceme ATE 
be small where I and T lie near together gradually increasing toa mi) Similarly 
then decreasing. In fact T is seen occupying the position of line A. (2 


FIGURE 1 


when a curved line is shown, and a str. 
Should appear like line P in Figure 1 ( 
theories are unable to account for th 


i : : imu 
under discussion assume that the FAE occurs before any analysis of the stim 
undertaken, 


in the 
Hubel and Wiesel have demonstrated by recording from single cells that 1n 


H r E 
cat considerable analysis of the stimulus on the retina occurs at or before the 
of the striate cortex. 


riate 
In particular they present evidence to show that in the gu 
cortex there are cells whose response is determined by the orientation of iue lis 
given part of the retina; i.e. the orientation of lines is coded in separate fibres a! 4: 
level of the cat visual system. If we assume that there are cells with similar r! € ; 
fields in human beings we have a very simple explanation of the effect shov pe 
Figure 1 (a): inspection of a line in one orientation will result in heavy firing 9. ^ 
cells maximally responsive to lines in this orientation, and to some firing 9 tad 
maximally responsive to lines in neighbouring orientations. If any adapt nly 
occurs in these cells as à result of prolonged firing, when a T-contour in a d. 
different orientation to the T line is exposed on the same part of the retina, the o 12 
fired maximally by it will be ones which are normally maximally respons! 


i line 
aight line used as I-figure, the mp The 
b) but in fact appears like line A. (3 


» ories 
e after effect of seen motion. Both the ji is 


——————— Or — "nA — ———— 
3 2] 
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contours in orientations lving further away from the orientation of the I-figure. 
It is reasonable to suppose that the orientation in which a contour is seen will depend 
upon the balance of firing in cells representing contour orientation: the firing in any 
one cell will be determined partly by the contrast of the contour with its background, 
etc., but such effects would be balanced out if the ratio of firing in all cells sensitive 
to orientation in a given region of the retina were computed. If there are also cells 
sensitive to curvature of a line a similar mechanism would explain the sort of finding 
depicted in Figure r(b) As yet there is no physiological demonstration of the 
existence of such cells. 

Hubel and Wiesel have, however, found cells which respond differentially according 
to the direction in which a stimulus is moved across the retina. If direction of move- 
ment is coded in single cells in human beings, adaptation in these cells might clearly 
underly the after-effect of movement. Once again the direction in which something 
is seen to move might depend upon the ratios of firing in cells sensitive to movement 
in different directions, and after prolonged movement in one direction a stationary 
image would produce less firing in the cells which had just been stimulated than 
normally, hence apparent movement in the opposite direction would be seen to occur. 

This explanation of FAE is based on sound physiological evidence and is so simple 
that it seems highly convincing. It does not, however, explain mere displacements 
in apparent spatial position occurring as a FAE: for this phenomenon, the Osgood 
and Heyer type of explanation appears reasonably plausible. This explanation in 
fact fits well with the explanation outlined above since Osgood and Heyer argue that 
the position at which a contour is seen itself depends upon ratios of firing in different 
cells, The possibility of explaining the FAEs produced under different conditions 
in terms of simple physiological analysing mechanisms in the visual system increases 
the interest of further work on FAEs: if we can determine the exact conditions under 
which FAE’s occur, this knowledge should help us to specify more accurately the 


nature derlying physiological analysing mechanisms. . 
qu natin af D n which effects due to apparent size 


The determination of the conditions under v l : 

Occur becomes a particularly interesting problem. Itis possible sar some po 
Size and apparent movement effects occur because central md mS ai xe 
efferents in the visual pathways, put à bias on the cells performing dm y bisoti 
stimulus between receptors and cortex. For instance, if the sey aa a vells 
itself coded in single cells somewhere between receptor and eie 7 R firing 
stimulated by an object of given retinal size might vary acco object, Possibly 
ug i. sa b eer inrer eh upssits st ibis level and 
Some factors determining the apparent siz ien E P 

others at a higher level. Thus the depth effect due to stereoscope w and other depth 
to have an innate basis, Ogle (1950). might operate A r ns why Story obtained 
effects at a higher level in the nervous system: this em pom further investigation 
the A-effect binocularly but not monocularly. Again Is bon t it does withHeun Tis 
it is found that no A-effect takes place with static dm n me dgparentriovernand 
e apparte ae my iE didum avatar from apparent 
sess may by eterna © teen where a tr etna 


; it wi te in such 
i ighe f the nervous Sy stem, it will opera 
EN higher eee. ^t it can be shown that FAEs due to apparent 


and not under others this suggests fundamental 

-ork in different conditions, and gives a promising 
es ical basis of such phenomena as size 
Imost nothing is known. 
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] : 7 "-— intact 
i S j " lysing mechanisms," The projec 
his paper forms part of a project on "Stimulus analy E 
is Sonus eeppertel by the American Office of Naval Research (Contract N62558 2453) 
and by the Nuffield Foundation. 
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THRESHOLD CHANGES AND SUBCEPTION 


SHORTER ARTICLES AND NOTES 


CHANGES IN THE VISUAL THRESHOLD AS A FUNCTION 
OF SUBCEPTION 


BY 
N. F. DIXON and M. HAIDER* 


From the Department of Psychology, University College London 


In a previous paper (Dixon, 1958b) one of the authors reported an experiment which 
suggested that apparent changes in the threshold for one eye occur as à function of the 
emotionality of stimulus material presented below threshold to the other eye. The 
following experiment describes an attempt to investigate further the validity of this 
conclusion. The results are consistent with those from the previous research. 


g to demonstrate perceptual defence have 
been criticized on two counts, first that subjects voluntarily suppress report of 
anxiety producing stimulus material, secondly that any differences in threshold that 
do occur may be ascribed to differences in familiarity between the different stimulus 


items. 

In an attempt to resolve 
19585), one of the authors appro 
Instead of trying to obtain recognitio 


Many of the experiments purportin, 


this controversy, discussed in a previous paper (Dixon, 
ached the problem in a rather different way. 
n thresholds for different sorts of stimulus 


material, the awareness threshold for a spot of light presented to one eye was con- 
tinuously recorded during the presentation below threshold to the other eye of 
different sorts of stimulus material. Using the method of "closed loop" control 
(Oldfield, 1955) whereby the subject controls intensity of the test patch, this study 
provided some support for the perceptual defence hypothesis. Thresholds for the 
left eye were found to be significantly higher when sexual and tabu material was 
presented to the right eye than when neutral words were used. While this finding 
could not be explained in terms of voluntary suppression (since the subject was never 
aware of the stimulus nor required to make a verbal response) the possibility was not 
ruled out that the observed differences in threshold were a function of differences in 


familiarity of the stimulus items. 
_ The experiment} reported heri 
criticisms by carrying the investig 
further. In particular, it is concerm 
(t) Familiarity of the stimulus ma 
the threshold. 
(2) Anxiety engendered by @ given à 
presentation, subsequently, of other wor en " 
(3) Thresholds will c orrelate positively with subsequent consciously made 


assessments of the anxiety provoking power of the words used. j f 
(f Te is the maaiting of the s d not the quantity of light which 
s at nea 


timulus words an 
they transmit that determines threshold changes. 
of Hygiene, Vienna. ; 
f a larger study (Haider and Dixon, 1961) t 
on the visual threshold. 


al with these and other possible 
ation of apparent threshold changes one stage 
ed with testing the following hypotheses:— 

a decisive factor in determining 


re attempts to de: 


terial is not 


word will evoke higher thresholds during the 


* W. H. O. Scholar, Institute o investi- 
«., T Carried out within the context © 
Sate the effect of training and fatigue 
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Apparatus 


i scri y in an 
The apparatus was that used in the previous experiment and described fully in 
earlier paper (Dixon, 19582). 


Subjects 


1 ri sonnel 
The ten subjects, of whom four were female, were M.R.C. and secretarial person 
from the Department of Psychology, University College. 


Method of procedure 


; ring a i s ure of 
As in the previous experiment the method involved taking a continuous meas 


3 2 . ^ rial at 
the visual threshold for one eye while presenting different items of stimulus materia 
subthreshold intensities to the other eye. 


The stimulus material consisted of the following four words:— 


Stimulus words 
CANCER 
BREAST 
RECANT 
STANCE " 
All four words were equated for brightness, length and as far as possible for letter contet 


d 5 3 ; ading 
They were tentatively chosen as being likely to show differences in emotional loading 
on the subsequent assessment. 


During each trial 2r threshold readings were taken at 3o-sec. intervals. (Thes 


shold curve as read off from an d 

ling light intensity. The four stimulus items up 
i ese stimulus presentations For 

) from trial to trial and from subject to subject. B 

Subjects in Group A the order of presentation of the stimulus words was. E EE 

"recant," “breast,” “stance,” for Group B it was “stance,” “breast,” “recant,” ‘cancer. 
Each subject had two trials in which the four sti light of 

trials in which the four stimulus presentations involved projecting a rectangle of lig 

the same intensity and size as the words. 

were done within r2 hr, while those invol 


three weeks later, This somewhat asym sana’ 
Possibility of subjects expecting the introduction of stimulus words. It was Spee 
parts of the experiment would re 

y one part to the other. 

Subsequently 56 subjects who had 

rank the four stim i ^ to 
unpleasant emotion. (To reduce the possibility of experimenter influence this par 
the experiment was carried out by a di i 


RESULTS 
The frequency hypothesis 


The following table shows the frequency scores for the four words, from the 
Thorndike Lor 


ge List, and the mean Sensitivity changes recorded during their 
presentation, 


TABLE I 


* 
Mean changes in threshold 
Stimulus word 


Frequency | Trial 1 Trial 2 


CANCER ., | 5 per million 
BREAST ., | 50-100 per million 
RECANT I per million 5 
STANCE ia I per million 


R 


ee oe 
—— ee 
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These results support the view that there is little relationship between the familiarit 
ofa word and the threshold recorded during its presentation. If anything they Pi 
the opposite way from that found in the previous experiment (Dixon, 19585) wherein 
the highest thresholds coincided with the least familiar stimulus words. 


The effect of verbal as opposed to “light” subliminal stimuli 
. A possible criticism of the findings in the previous research was that the observed 
differences in threshold could be attributed to the differing amounts of light trans- 
mitted by the different stimulus items. The results in the present experiment showed 
that, whereas subliminal verbal stimuli evoked a significant rise in threshold, light 
stimuli were accompanied by an insignificant lowering of the threshold. 
For the purpose of comparison the thresholds recorded during subliminal verbal 
and light stimulation respectively were compared with the thresholds recorded 
immediately prior to and succeeding each such presentation. The individual results 


are shown in the following table:— 
TABLE II 


MEAN THRESHOLDS* 


en SS ee 


Subliminal No stimulus | Subliminal No stimulus 
“words” stimulus | before or affer | “light” stimulus before or after 

Subject Trial x | Trial 2 Trial 1 | Trial 2 | Trial 1 | Trial 2 | Trial 1 Trial 2 
I 458 470 475 498 | 52:0 455 496 40:6 
2 33:8 | 16:0 375 18:0 | 542 quo 56:1 574 
3 583 48:7 58:9 548 833 777 792 729 
4 205 | 163 | 240 | i84 | 378 | 399 | 395 4 399 
5 318 | 3ro 28:8 Bl 53'0 46:3 514 42:6 
6 470 473 46:5 48:3 700 63:3 66-1 54°5 
7 | 565 | 528 | 594 | 566 | 578 56:0 594 604 
8 ! 533 | 495 570 | 430 | 663 570 | 666 569 
9 | 505 45:8 514 5r8 | 433 583 500 60:3 
10 3r5 330 305 383 | 255 303 284 3r4 

3786 | 4415 | 4ror| 5462 | 53°54 | 5429 | 5r15 


* Integrator scores. 
Results for the group are summarized in terms of threshold differences in Table III. 


Threshold differences between 
Subliminal verbal presentations Subliminal light presentation 
and “before” and "after" no and "before and after no 
stimulus presentations stimulus presentations 
| No. of | 


No. of J : | 
: Mean | subjects 
Mean | subjects change | showing 
change | showing | in fall in | 
in rise im | j hold | threshold t 
threshold threshold| — ! p pres] | M 
F —0* 6 ge 20:05 
Ist i E 20:05 0°33 | | 
mn 0:85 6 I 2 Zo-002 | —739 | 6 | 129 0:05 
Lun 315 ze 3.80 <o-005 | — 1°36 | 5 | rış | 29:95 
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To confirm these findings thresholds recorded during subliminal stimulation were 
also compared. with the mean thresholds for all “no stimulus" presentation. 


TABLE IV 
MEAN THRESHOLDS* 
Subliminal All no stimulus Subliminal All no oe 
| “words” stimulus | periods | "light" stimulus periods = 
| | | H ; m 2 
Subject | Trial 1 | Trial 2 | Trial 1 | Trial 2 | Trial 1 | Trial 2 | Trial 1. Trial 2 
| zo. | 59 Bes SI 416 
I 58 | TO | 471i 501 | 520 455 51'4 s 
2 par tho | 41-0 182 | 542 71r o 560 575 
3 | 583 487 | 622 564 | 833 777 78:5 UE 
4 24:5 163 | 232 16-1 378 30°0 364 Ve 
5 | 3r8 3ro | 284 307 53'0 46:3 549 E 
6 47o | ATS | 474 4607 | 7o0 03:3 ao 215 
7 565 528 | 590 56:6 | 578 56:0 58:2 poe 
8 | 533, 4905 | 554 4r7 663 | 570 ys ers 
9 | sos | 458 | 531 5r8 | 433 583 532 e 
10 | 3r5 | 330 | 317 439 | 28:5 30:3 29:0 34 
J j. 
j 1 5 
Means 43:30 | 37:86 | 4485 | 4113 | 54°62 | 53:54 | 54°65 | 52°33 


* Integrator scores. 


Results for the group are summarized in terms of threshold differences in Table V. 


TABLE V 
e 
Threshold differences between ner 
Subliminal verbal presentations Subliminal light presentation. 
and mean of all “no stimulus" and mean of all “no stimulis 
presentations presentations ue 
, i T 
| No. of | No. of | 
Mean | subjects | Mean | subjects 
change | showing change | showing | 
in | rise in | in | fall in | | 
threshold | threshold | t E threshold | threshold t | P 
Ist trial r55 | 8 r69 | 20:05 003| s ES 70:05 
2nd trial 327 7 | 2784 «oo2 | —r21| 4 den 7.005 
Both trials | 241 7 | 286 | <o-02 | —o-59 | mE j = 0:05 


Whereas the verbal stimuli evoked significantly higher thresholds relative to the 
before and after no stimulus periods in the second trial (mean — 3:15) than in the 


first (mean — 0°85) the light stimuli evoked lower thresholds in the second trial 
(mean = —2-39) 


nean than they did in the first (mean = —0:33). For the verbal 
stimuli this difference between trials was significant at the 5 per cent. level of con- 
fidence (t = 2-65). Eight subjects contributed to this effect. For the light stimuli 
the difference fell short of that required for statistical significance (¢= 1-120). 
While not significant in the first trial the difference between verbal and light 
stimuli in their effect upon the threshold during the second trial (mean = 5:54) Wa? 
significant (! = 3-21, p <o-or), Eight subjects contributed to this effect. 


un a 
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A Es io: Mem eq the difference between. words and lights was significant 
Finally the pos . lev pH of coniate (t= 2:95). Eight subjects showed this effect. 
eg a ds etween words and lights in the first run was significantly less 
n in the second run (¢ = 2:585,  «0:05). Seven subjects showed this effect. 
TABLE VI 
DirFERENCES* BETWEEN "WORDS" AND "LIGHT" IN THEIR EFFECT 
UPON THE THRESHOLD 


Subject | Trial 1 Trial 2 
NE 

I +1 | 77 

2 18 15:6 

3 | 47 10°9 

+ r2 —24 

5 —14 38 

6 i 34 9:6 

7 i r3 | —o6 

8 34 | 2:6 

9 —58 | 4o 

10 —0'9 | 42 
Means ris 5:54 


The differences are between 


' tended to lower it. 
d the respective "before" and 


* Words raised the threshold, *'Jight" 
ts of stimulation an 


integrator raw scores during the two sor! 
after" no stimulus periods. 


Differences between the verbal stimuli 
Table VII shows mean differences in 


In their apparent effect upon the visual thre: 
each other very much more during the first run than they did during the second run. 


In the first run, and for eight subjects, only the word “cancer” evoked thresholds 
significantly higher (! = 2°94, p <o-02) than those recorded during the adjacent “no 


stimulus" presentations:— 


threshold change for the four stimulus words. 
shold the stimulus words differed from 


TABLE VII 


MEAN CHANGES* IN THRESHOLD UNDER DIFFERING 


1 | Stance 


SUBLIMINAL STIMULUS 


Cancer | Breast Recant 
Ist trial 4°20 0:35 —1'15 A 
2nd trial 2:40 3:35 21 2:65 
| 


words and 


* Differences between integrator scores during subliminal presentation of 
adjacent no stimulus periods. 

In Trial I the difference between the word "cancer" and the two words predicted 
às being relatively neutral, urecant” and "stance, was significant at the 2 per cent. 
level of probability (£ = 2:70): Eight subjects contributed to this effect. In the 

y ficant differences between the stimulus words. 


second run there were no signi 


ed for the four words from the 56 


Independent ranking of words / 
rankings obtain 1 f 
gree to which they are “productive 


Table VIII shows the mean $c d 
Subjects who subsequently ranked them for the 
of unpleasant emotion." 
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TABLE VIII 
Cancer Recant Breast Stance 
Mean rank  .. P I2 2:5 2:9 34 


—————————M——M 


Coefficient of concordance: W = 0:56 (p <o-o1) 


This result is consistent with the fact that “cancer” evoked the largest and only 
significant rise in threshold. 


Changes in the motor performance 


Anticipating the possibility that the apparent threshold changes were in fact Me 
to changes on the motor side, the number of control movements made by subjects an 
the total length of the threshold curve were compared between the different stimulus 
conditions. As a result of these comparisons no significant differences were found. 


Discussion 


The results support the conclusion from an earlier research (Dixon, 19585) that ` 


anxiety provoking stimuli presented below thresh 
in the visual threshold as measured for the other e 
the relative familiarity of the stimulus items doe 
In the previous experiment those stimulus item 
thresholds were less familiar than the other an 
experiment the reverse held good. 


A further point of significance regarding the present experiment is that it showed 
a relationship between conscious judgements regarding the emotionality of the 
stimulus words and the effect of these same words upon the threshold. 

Finally a comparison of the trials suggests the possibility that anxiety engendered 
by a particular word can generalize to other hitherto neutral words when these are 
Presented subsequently. Apropos of this it is interesting that “breast,” a frequent 


site of cancer, was the one word which evoked the highest threshold in the second 
trial. 


old to one eye will evoke a rise 
ye. They indicate moreover that 
s not constitute a decisive factor. 
s which appeared to evoke higher 
d neutrally toned items. In this 


ight possibly result from a general 
ine in i through temporary inhibition of the arousal system. These 
possibilities are discussed in another paper (Dixon, 1960). 
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THE RELATIVE INTELLIGIBILITY THRESHOLD FOR 
ONES OWN NAME COMPARED WITH OTHER NAMES 
BY 
C. L HOWARTH and K. ELLIS 
From the Department of Psychology, The University, Hull 


Two recent experiments (Moray, 1959; Oswald, Taylor and Treisman, 1900) have 
shown that in dichotic listening, and in sleep one's own name seems to be responded to 
selectively. We have shown for 10 subjects, each listening binaurally to the same 
recording of a list of their names repeated at random 10 times, and masked by noise, that 
the subject's own name had a significantly lower threshold than other names. The effect 


we found was not significantly different from the one found by Oswald et al. during sleep 
and by Moray for the dichotic situation, 


These three experiments taken together suggest that the same pattern-analysing 


mechanism is involved in normal listening, dichotic listening to the rejected message, and 
in discrimination during sleep. 


INTRODUCTION 


In a recent paper Moray (1959) has confirmed Cherry's (1953) finding that when 
subjects are “shadowing,” i.e. speaking aloud with a delay of about 1 sec., a con- 
tinuous message presented to one ear alone, they are almost completely unaware 
of the content of a message given simultaneously to the other ear. Moray has 
however, extended Cherry's observations on the amount of information which the 
subject receives from the rejected message. Subjects are aware of the presence ot 
a message in the other ear, whether it is speech or some other sound, whether it is 
a male or a female voice. Most important, however, is Moray’s finding that subjects 
will hear messages presented to the other ear provided the message is preceded by the 
subject S own name. All the other observations suggest merely that the message to 
oe rejected ear has been considerably attenuated so that only a very limited amount 
of information can be obtained from it. The effect of the subject's own name seems 
to Moray to require a concept additional to that of attenuation, since it appears to be 
So selective. Moray suggests that the “block in dichotic shadowing occurs at quite 
a high level, and that the block is central to some pattern-analysing mechanism.” 
This idea of a pattern-analysing mechanism, situated relatively peripherally in the 
copus system, is an extremely attractive one which could be used to explain many 
e Lae of subliminal Perception, perceptual defence and selective habitua- 
Rn * v rm) en to be some physiological evidence for such an idea from e 
Ades (r , N harpless and Jasper (1956) and Culler, Coakley, Shurrager 2? 
Meee. : ME SR it Scemed to us that Moray's experiment did not prov! e 
data forthe ur h a mechanism in the dichotic listening situation, since he gives no 
ekewi 4 v intelligibility of one s own name under normal listening conditions: 
one Would iis vi emonstrate a mechanism more selective than a simple attenuator 
in the intelligibili i that in the dichotic situation there was a bigger differen 
in the ida x bes on name compared with other messages than ou 
necessary control. § Situation. The present experiment sets out to provide 


i Our data coupled with Moray’s dat i t of the 
hypothesis whereas Moray's data alone did not. " |o mr 


Apparatus METHOD 


A Brenell Mark V twi 


n chi 
one channel the number. Anael ta 


TT n 
T pe recorder was used to provide the stimuli. OF 
O 100 were recorded with a 5-sec. interval between eac 


oo O L O o Tr n TE TTT We 


"7 ! PD 
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number. These numbers were used to assist the recording of the experimental material 
on the other channel which consisted of 10 christian names, five male, five female, each 
recorded ro times in random order. This channel was played binaurally to the subject 
via an attenuator and a pair of Brown type K earphones. A 50 cycles per sec. masking 
tone was provided from an Advance oscillator and played to the subject through a pair 
of miniature hearing aid earphones worn underneath the headphones. The numbers 
recorded on the first channel of the tape recorder were played back to the subject through 
a loudspeaker to indicate the spacing of the names. The separate transducers were used 


in each case to overcome mixing difficulties. 


Procedure 

Each subject's threshold 
experimental tape was then played at a 
intelligibility for the names. In many c 


was determined approximately with a trial tape. The 
n intensity expected to give about 50 per cent. 
ases no names at all were heard at the chosen 
level so after the first 20 or so names the tape was started again at a higher intensity. 
Each subject was presented with a proforma with roo spaces in which he or she was told 
to write down what they heard. They were instructed as follows: 

“This is a test to ascertain the acuteness of your hearing. Iam going to play to you 
a record which contains the numbers 1 to 100 at 5-sec. intervals, these numbers correspond 
to the numbers on your score sheet. You will always hear the numbers at the same 
loudness from the loudspeaker. After each number there will be a word from the ear- 
phones which at first you may not be able to hear. When you are able to recognize a 
word | want you to write it down, after the number it follows, on the score sheet." 

Our subjects each had different names and each of the names on the tape was the 
name of one of our subjects. By this design we hope we have eliminated the effect of 


the greater intelligibility of some names. 


RESULTS 


The results are shown in Tables I and II. When all the subjects’ results are 
pooled, as in Table II, it can be seen that in the present experiment the subject's own 
name was recognized on 77 per cent. of the occasions it was presented, while other 
names were recognized only on 50:5 per cent. of occasions. Table II also contains 
for comparison Moray's data for the dichotic situation and some data obtained by 
Oswald, Taylor and Treisman (1960) in an experiment on sleep which will be discussed 
later. Mere inspection reveals how similar are the results of these three experiment: 

Statistical treatment of data. A simple x° test shows that the differences arn 
intelligibility of one’s own name and of other messages 1S significant inall three ep nra 
lt is more difficult to compare the size of the effect in the different CES: S e 
must make allowance for the fact that only a small difference in prona i i Y A ee z 
would have been found if both were high (i.e. near 100 per cent.) DAA d dud 
cent). To take this factor into account we have converted the pro i A sree dd m 
and also obtained an estimate of the standard error of one pro! SEA SA io 
standard error from the higher probability and converting RM AS Jrobapitty we 
a probit value; the difference between this and the DIOS obit oae rs 
Fidei len an estimate of the pie Ne pa an estimate of the 
we added its standard error to the lower probability ap tere etie 
standard error in probit units for that also. We then calc 

" j Ne NES 
(difference 2s probits expt. 1)— (difference 1n probits expt. 2) 
t 7 A z E lower SE probits expt. 1)? + (higher SE 
(higher SE probits expt. 1)? + (lowe 
A BST pron ri E probits expt.2)* 

probits expt. 2)? + (lower SE P : . 
involved in this calculation is the assumption that the 
two experiments will be equal so that the standardization 


The only important assumption 
variability of the threshold in the 
s made onto the same scale. J z pability for hearing mU. 
i s in probability 

If this mi aring the difference ; im 
name ae | E aes is accepted, iie find that in d m us 
experiments is there any difference in the selectivity 
own name compared with other messages. 


of the system for 


* = Y 
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| | | 
| I] 
| 5 E 
| | è gl žo 
Y | | = | 2 E E | E E 
c z CA MP 9 | E 
Š g H 8 s »5|3|s2isi|cv!|'sis$ a| m 
" Li Ei Ds S E Ql. > uv 5S | & = a 
Subjects | z | € ala m omuJym:« NN 
P [1 | 
Miké .. -.| I0 | 1o 9 | 7 | 10 | 7 2 8 | 4 | E bd 
| 
John .. =| @ | 9 2 | 10 | 4 | 4 o | “| ¢ | @ | 36] 9 
| | 
Alan .. e[ 6 9 7 8 [e | 4 | z [10 | 1 o , 39 EAT 
Brian .. sal 9 9 o | 10 | o | o | Iı | o 4 o 2g | xo 
Roy 10 9 | 10 | 7 | 10 | 10 | o | 9 | 9 | © 64 ' I0 
| | | 
l | 
Helen | 19 9 | o | 10 | 9 5 | os | 9 | o | 2 | 34 E 
Eva [m [1 | 2 | [e| 7] 6 | o TIEI 
| | i | 1 23 
Adelaide se] 2 71/2) 4 | 8 | 10 | 5 | 10 4 | o 42 ce 
f i | | 
Judy .. --| Io 6 r | 8 | ?2|9]|4 9 6 | o 49 Be 
Janice e71[|e09 2 | 9 |1 | 8 | o x | 9 | 6 SB m 
i) 1 ae | 
Total ... -| 83 | 87 | 26 | 83 | 53 |62 | 24 | 59 |47 | 8 |455 | 77 


.. Proportion of “own names” heard = 
Proportion of "other names” 
Table I 


77/100 — 0:770. 
heard — 455/900 — 0'505. 


E “alse 
Shows the number of times each subject heard correctly each of the names. Fal 
responses were negligible and no correction has been made for guessing. 
TABLE II 
| | | 
A | B | c 
| | Dichotic | Sleep 
| Present situation situation 1) 
experiment | (Moray) | (Oswald et at. 
| 
| | | 
Own name .. < 77/100 | 20/39 | 33/131 
Other message — ., m 455/900 | 4/36 | 15/124 
f difference <0-001 | <o'o1 | <orol 
| | 
t tests for the Significance of t| 


he difference in the size of the effect give: 
for Aand B ;— 087 p >03 

for A and C ¢ = 0-95 >03 
Table II uis 


- aii 
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Discussion 


It may be thought that our experiment does not provide an adequate control 
for Moray’s experiment, since he compared the intelligibility of messages such as 
change to the other ear” with the intelligibility of the same messages preceded by 
the subject's own name. However, we felt that it was more important to produce 
a balanced design which would make allowance for the greater intelligibility of some 
names than others. It could be argued that Moray has failed to show any effect 
specific to the subject’s name since he did not test the effect of a particular name 
on subjects whose name it was not. Nevertheless, in spite of the inadequacies of 
Moray’s experimental design we believe his result is a genuine one since, as can be 
seen in Table II, his results are very similar to those in the present experiment and 


in the experiment of Oswald et al. 


Oswald et al. who did not postulate a secondary pattern-analysing mechanism to 


account for their results, used an experimental design very similar to our own, except 
that their subjects were sleep deprived, so that they fell asleep during the experiment. 
The subjects were instructed to respond by making a hand movement when they 
heard their own name and also when they heard one other name; the figures we have 
used for comparison with our own, relate only to the probability of response to the 
subject’s own name and the other name to which they were told to respond. Oswald 
et al. also looked for K-complexes in their subject’s e.e.g. records after each name. 
They found 73/110 following the subject's own name and 48/109 following the other 
name. These probabilities are almost identical with the ones we obtained. There 
is, therefore, a very impressive amount of agreement among these three very different 


experiments concerning the relative intelligibility of one's own name. It seems an 
pattern-analysing mechanism has been 


obvious conclusion to suppose that the same 

involved in each case and that no subsidiary pattern-analysing mechanism is required 

to account for behaviour during dichotic listening or during sleep. Although there 
vous system is organized 


seems to be a great deal of physiological evidence that the ner 
hierarchically, with some duplication of function at the different levels, none of the 


experiments we have considered provides evidence for a functional hierarchy with 
more than one pattern-analysing mechanism. 


A. B. Royse for his advice on the statistical treatment of the 


We wish to thank Mr. 


data. 
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CENTRAL INTERMITTENCY: 
SOME FURTHER OBSERVATIONS* 


BY 
ALICK ELITHORN 


From the National Hospitals for Nervous Diseases, and the 
Royal Free Hospital, London 


When the human subject is asked to respond to two stimuli separated by a very Sd 
time interval the response to the second stimulus may be relatively delayed. The BE 
experiment is designed to test the hypothesis that the elements of the delay attributa ae 
to the sensory and motor components of the stimulus-response situation may be sub- 
served by relatively independent neural mechanisms. The results obtained are compat- 
ible with this hypothesis and are briefly discussed. 


INTRODUCTION 


Several theories have been advanced to explain the phenomena of the Psychological 
Refractory Period (e.g. Poulton, 1950; Welford, 1952; Davis, 1956). The present 
experiment was designed not to test any specific hypothesis but to investigate the 
possibility that the delay often observed in the responses to the second of two closely 
spaced stimuli might be attributable to different aspects of the task each dealt with 
by relatively independent neural mechanisms. In particular the experiment was 
designed to distinguish that element of the delay which might be attributed to the 
processing of the information in the first stimulus from that attributable to the 
organization and execution of the motor response. 


EXPERIMENTAL PROCEDURE 
The recording apparatus and the display were those used in experiments already 
reported (e.g. Halliday, Kerr and Elithorn, 1960). The subject was seated facing a black 
bakelite board with a central fixation point which could be illuminated as a warning signal, 
to the left and right of which were the stimulus signals consisting of two clusters of five 
neon indicator bulbs. He responded by pressing one or both of two reaction time keys 


In the first part of the experiment, pairs 
under two conditions. The inter-stimulus 


order Twente stimulus-response situations were presented in a predetermined range 
í à er condition a and 25 under iti were presen 
in the order abba, baab, .. . the 5 condition b P 


* This paper is based PET A on 
Toth Tuy, © ne. Sed on a communication to the Experimental Psychology GrouP 


RESULTS 


Practice effects were marked during the first part of this experiment and in order 
to have a consistent estimate of practised performance it was decided to analyse 
Separately the last 10 responses for each stimulus situation for each hand. As 
concordance between the two hands was high, the observations have been combined. 


The results are shown in Table I and Figures 1 and 2. 


TABLE I 
MEAN REACTION TIMES FOR THE LAST 10* RESPONSES TO S2 FOR BOTH 


CENTRAL INTERMITTENCY 


24I 


Hawps. SuBJECT C.L. 
T 
Condition Condition | | Condition 
Interval a b | að é do BS 
Millisec. (S.E) | (S.E.) | | (S.E.) 
o 312 (6-8) 392 (1219) | —80 | 299 (66) | 13 93 
| 
40 329 (7:9) 317 (63) 12 277 (59 | 52 40 
| 
8o 319 (8-1) 294 (6:1) | 25 271 (4:8) | 48 23 
#29 354 (98) 265 (6:2) 89 268 (71) 86 S 
160 311 (1053) 250 (75) 61 | 257 (58) 54 | —7 
200 299 (10:2) 282 (10-9) 17 | 259 (63) 40 23 
5 ass (7 8 
240 273 (98) 258 (9) | 1:5 | 25 (7:2) | 1 m 
25 . | —II 
280 255 (8:9) 243 (47 | 1? 254 (71) I 
. —12 —23 
320 239 (6:0) 228 (44) II 251 (92) | —! | 
2 . —26 
360 253 (8-4) 226 (5'5) | 27 252 (8-1) I 
| . — —29 
490 236 (5'1) arr («7 | 25 240 (48) | 4 
237 (s- | —9 —I2 
440 228 (6:9) 225 (54) | 3 | 237 99 
21 232 (45) | 2 |-P 
480 234 (64) , 213 (47) = 
| *o) E = 
520 227 (63) 223 (47) | 4 232 (4 ——— 
| o (67) |- = 
560 218 (52) | 215 (#9) | 3 | 240 ( 
| er. 230 (57) | —} = 
600 229 (5:2) | 230 (6-9) | 
| 6 232 (52 | —13 | —19 
640 219 (3:8) 213 (49) | 
(6:8) ze 227 (49) | —4 4 
680 223 (46) 231 T = * 
) —14 232 (67. 
720 224 (47) | 238 (27 = 
j —29 | 228 (51) = 
760 228 (3:7) | 257 (1077) ~ 
because of premature respon a 
been reduced to 19 beca! t least at the 5 P 
* In two cases where » woild le d. Bold type = significant a 


a B 

cen Tevious response has been su 

e p 
t. level 
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A comparison between the results obtained under condition a and b. 


Under condition @ the subject is required to make—in addition to the eee 
to the second stimulus—a motor response to a preceding stimulus which see 
determining its own response also conveys information. . This enables him to der vs 
more adequately for the second stimulus. Under condition b the preceding sti n 
still conveys this information but the subject is not required to make a motor a "e 
While this is not the only difference between the conditions it is thought to : = 
most important one and it is suggested that a comparison of the mean reaction tim 


FIGURE 1 
Y e— Mean reaction times under condition a 
$ 
! o- — — —o Mean reaction times under condition b 
\ x—+—--* Mean reaction times under condition c 
\ 
aso | n=20 
\ 
\ 
\ 


300} 


Mean reaction time (millisec.) 


250 


0 


40 80 120 160 200 240 280 320 360 400 440 480 520 560 600 640 680 720 760 
Time interval (millisec.) 


Mean reaction times for last 1o responses for both hands combined 
obtained under the two conditions at each 
of that element of the delay in response to 


motor response to Sz. This comparison is presented in Table I (columns 2, 3 and 4) 
and Figure 1 (curves a and b). 
Under condition a ( 


time interval gives a reasonable [RA 
S2 which is caused by the need to make 


on solid circles in Fig. x) the response to S2 is longer than it 15 
under condition b (open circles.in Fig. x 


ees ) when the interval lies between 40 an 
560 millisec. Mean RT2b is greater than RT2a, however, at intervals longer tha? 
640 millisec. and in the special casi 


"gnis : he 
p F e where both stimuli are simultaneous. T 

increase in the mean times under con 
increase and not merel 


is 
: 3 aue 0, 360, 400 and 480 millisec. That E 
difference is not significant when I = 200, 240, 280 and 320 millisec. reflects t 
fact that the downward trend of cury 


€ b shows a sharp inflection with a peak ? 


350 
F 


RTI (millisec.) 
w 
S 
—— 


M 
a 
[-] 
— 


200} 


450 


8 
$ 


—— —— 


350 


300 


RTI (millisec.) 
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Ex 
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FIGURE 2a 
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FIGURE 2b 
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FIGURE 2c 
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FIGURE 2d 
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200 millisec. The present data does not permit a detailed analysis of this inflection 
but it occurs in both hands and may possibly be due to an eye movement determined 
by the first stimulus. Leonard (1958) has reported a similar effect. In curve a 
a similar but smaller inflection occurs with a peak at 360 millisec., i.e. about 
160 millisec. later. As already mentioned, in the special case when the two stimuli 
the mean reaction time to S2 under condition a is signifi- 


are simultaneous (I — 0) 
dition b. This anomalous result may be 


cantly lower than that obtained under con 
due to more than one factor. Two possible causes are:— 

(i) The difficulty of discriminating the cue stimulus (illumination of one of a 

cluster of five neons) from the stimulus requiring a response (illumination of 

the remaining four neons) when the two stimuli are presented simultaneously. 


(i) The lower probability of having to make an overt response to a stimulus at 
time “o” under condition b (x in 20) compared with condition a (1r in 20). 
the latter part of the range (from 


It is also an interesting observation that in 
der condition a is again lower than 


680 millisec. onwards) the mean reaction time un 
under condition b. Not only is this a consistent trend but at the longest interval 
(I = 760) the difference is significant (p «0:02 001) There is no obvious 
The fact that under condition b there is a less intense stimulus 
— [our rather than five neons—is not likely to be the cause since it is under this 
condition that the fastest times are recorded. The additional information given by 
Sr is similar under both conditions and, in the case of condition @ the response to SI 
has been completed some time previously. It is not improbable that making an 
overt response to SI pri in the anticipatory set for S2 which in the 


oduces a change in i 
present experiment persists throughout the preparatory period. — j 
In a previous paper repor dition a in the present 


ting experiments similar to con 
experiment, it was observed that the reaction time to the second response was not 
—as predicted by the theory proposed by Welford—maximal at the shortest intervals 
(Elithorn and Lawrence, 1955). The present findings confirm this observation 
(Fig. 1 and Table I). Hick and Welford (1956) have suggested that this apparent 
exception to Welford’s theory might be due to subjects grouping their responses at 
the shortest intervals, i.e. waiting a finite time and then responding to both stimuli 
together. This possibility is best tested by exam: 


ining the relationships between the 
individuals of each pair of responses. 


explanation of this. 


Characteristics of the individual responses NM 
delayed reaction time for 


Whil i atisfactory as an estimate of the un [ 1 
"edd ware i RT: is essential to an accurate interpretation of 


RT2, a knowledge of the individual 
the RT2 with which it forms a pair. NOT 
Figures 2a-d show the individual results at the four shortest time er At 
each interval the reaction times obtained under condition @ are show de t s i 
of a scattergram, giving the relationship of RT2 to RTI ; those n | un a E. 
dition b are presented in the form of a frequency epe ad to horizon ed 
i ual response of RTI an 2 is given T- 
IDE eer r^f d t by the size of the interval is a solid 


istant from it the in X 
line having the form RTI an oT +I. The observations which lie along bares 
are fee ra are made at the same time and are grouped in the sense proposed by 
Hick and Welford (1956). m ] 

Pinus s n ns - diss en this case, tl 
simultaneously. As neither stimul dation 


Was designated first or second accor 


t time interval "o," a 
i ne which 

be sal he o: 
ri : was plotted 


ding to the system 
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as such on the scattergram. In 15 out of the 20 instances the ed RE 
be regarded as "grouped." On the remaining occasions the Ea Tow e ee 
RTr) were —90, —35, 25, 50 oe 1 d up when 

i i rouping does not alway: E "oS 
pi uc a uenia, 40 millisec. (Fig. 25), the ——— 

— RTi) was: —60, —4o, 40, —35, —35, 5, » —80, 

vi iru 55, xa 90, 100, 135 and 175 millisec. The two p ee gu me 
first eight of the above differences were made within 25 millisec. of sim 1 pros E 
first response being 20 to 60 millisec. longer than the second (i.e. RT: is e bs ue 
range (RT2 + I) + 20). In the pairs giving the last eight differences in w m i 
was longer than RTx, the delay was never shorter than 50 misse (E. "€ ud 
[RTI + 50]). On the remaining four occasions the two responses were eq 
nearly so (i.e. RT2 = RT). 


At time interval 80 millisec. the distribution is more clearly bimodal (Fig. 2c), 


50 millisec. or less on only 


delays are longer than roo millisec.; at the 8o 


pate : an 
-millisec. interval none are longer th 
100 millisec. 


: "hi d 
Longer delays are more common at the longer interval. This ru 
or the delayed responses alone. 


pectively 334:4, 325-7 and 3533 millisec. While the increased 


Analysis of the results obtai ned under condition c 
The results obt 
different conditions of practice are not stri 


5 As) 3 tona 
intervals (40 and 80 millisec.), however, the reception and absorption of the additio 
information in Sr does not s] 


e 
a 
‘ow the response to S2 as greatly as does the need to m 
an overt motor Tésponse to the first Stimulus. 


[ 


i 


Pu - 
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This work was carried out while a member of the M.R.C. Neurological Unit. My thanks 
are due to Mrs. C. Lawrence for assistance with the experiments, to Miss R. Mingay and 
Miss J. Mott for help with the diagrams and to Dr. E. A. Carmichael for much encourage- 
ment and support. Mrs. M. Kerr undertook the majority of the computations and I am 
also very grateful to her for valuable criticism of the text. 
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BOOK REVIEWS 


Sci i Sensory d a Physiological 
Psychology: A Study of a Science. Vol. 1. Sensory, Perceptual and a VER 
Formulations. Pp.x+ 710. 76s. Vol. 2. General Systematic Pe 
Learning and Special Processes. Pp. x 4- 706. 77s. ód. N Ded: ER Sigmund 
of the Person and the Social Context. Pp. x + 837. 97s. E lited by Bi 
Koch. New Vork, Toronto, London. McGraw-Hill Book Company. 1959. 


An adequate critical notice of these three volumes could well occupy a S 
of this Journal. It would be incomplete even then. There seems little point in Weis 
a list of titles and contributors and leaving the matter there. So, pda belogically 
descriptive reviews have already appeared in journals familiar to most ee v 
trained and interested readers, it seemed to me that my best plan would be to Ww EIS Ed 
general comments attempting to develop my own reaction to the project as a w 
to that part of its realization contained in these first volumes. 5 T À 

In 1952 the Policy and Planning Board of the American Psychologica i r SaS 
decided that “the time had come for a thorough and critical examination of the a 
and development of psychology.” One part of this examination was to EAT d 
with problems of the training of America's psychologists and with their resear ery 
ductivity. These matters were dealt with in Professor Kenneth Clark's study eee ro 
America’s Psychologists: A Survey of a Growing Profession (1957). Another part wa cnt 
deal, in seven volumes, with Selected "systematic formulations of recent and wer. 
influence which Psychologists have developed to account for the phenomena in w sd 
they are interested.” The volumes now under review are the first three of the proja cf 
seven. They contain expositions of the points of view, and, in a rather general Mayo 

i i recent or current developments selected by t 

Presentative of the present main lines of m 

umes are to deal with Empirical osa 

a final volume to be called Psychology and E H 

Human Agent, will present Professor Sigmund Koch's views about “certain problems o 
Psychological inquiry in the light of the findings of the project.” 


can yet be passed. Much must depend 
which will perhaps show why, and how, 
between psychology and other fields of s 


cientific advance, and may have something to 
say about the relations of academic psych 


hology and some of the active groups that ie 
been established outside university control, such as operational research teams concern ee 
with problems of military or civil significance, established by national governments ER 
by government agencies and industrial Corporations. Any reviewer of these volum 
may have to eat his words later on 


All told the volumes present well over 2,000 large pages of discussion about a great 


Psychology as it has developed annie 
not all) of this large accumulation Ro 
s t I am still somewhat at a loss to understand clearly bs 
what main purpose the project was intended to serve, In spite of the general title : 
t psychology is “a” Science. There are 36 qonib ar y 

each writing for the most part extremely well, though will little regard for economy 
; about his own preferred problems, a be 
Maybe the intention was to demonstrate how any sort of systematic study can = 
called scientific. But there is a world of difference between, Say, Talcott Pare 
i i ry in Terms of the Theory of Action,” together WAT 

ies that make up Vol. 3; and Licklider's “Three Audito: 


butions 
: Graham's “Colour Theory" together with the bulk of the contribution 
x y tog 

to Vol. 1. Parsons begins with i i 


the last 3o years or so. [ have read most (but 


; the general editor has written with a devotion and mu 
which must command respect and admiration, But if it had not been for what he S 


——— —— 
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i " ‘ x a "Tr n 
Pee icone ol. I and his postscript to Vol. 3, I would have thought that the real 
urpo: rprise was to present authoritative accounts of those current explora- 
tions in psychology which the editor and his selection committee regarded as t: rios and 
most important, with special, and of course, entirely legitimate, regard PACEM 
contributions. Then the books could be considered as in a line of descent from the History 
of Psychology in Autobiography sponsored by Murchison and others. Sinceit was aed 
to the writers that they should give their essays a personal slant wherever possible—a 
suggestion much more faithfully observed, naturally perhaps, in Vol. 3 than in Vol. 1 
and 2—this way of looking at the project would seem all the more fitting. If the main 
point of these publications was to inform succeeding generations about those psychological 
approaches of recent and current times that the A considers now to be the most 
significant, the books would certainly have good and sufficient reasons for their appearance. 
That kind of thing ought to be done every 20 or 30 years or so, and here it has been 
accomplished with care and judgement. That different selections might have been made 
goes without saying. But this, to me at any rate, seems of very little importance. De- 
cisions about that can be left to the reader of the future who searches the libraries for 
records of the present. 
However, Professor Koch makes a most valiant attempt to see the contents of these 
books ‘‘unified by a relatively homogeneous set of attitudes towards the ends and instru- 
mentalities of scientific work." His views are to be fully expounded in the seventh 


volume, but something, perhaps, ought to be said about them now. He finds the unity 
k of generalized titles. Up to 


he wants by putting all the contributions into a framewor! 

about 1925 he sees psychology as in an “era of schools" Then a transition occurred to 
an "Age of Theory" and there we may have been living ever since, though with many 
attempts to break out in varied directions. But this, like a great deal more in the 
“Epilogue,” is not quite clear, for he also says that now it is anybody's guess “whether 
we are in the Age of Theory or not." However the Age of Theory has its "premises" and 


these are said to be: 
truction. 


(1) The Intervening Variable Paradigm for Theory Cons 

(2) Problems concerning the Generalization Range of Psychological Laws. — 

(3) The Observation Base of Psychological Science; Its Relation to the Legitimate 
End-terms of Systematic Analysis. 

(4) Mathematization of Systematic Relationships. 

(5) Formulization and Psychology. 

Under these highly abstract headings, and with abu 'eced 
essays, Professor Koch seeks to show what are the general trends, not of these publications 
alone, but of psychology, during the last 30 years. In the end he doesn't seem quite sure. 
The bother is that the experimentalists, especially those concerned with sensory problems, 
refuse to fit neatly into any such scheme. Infortunately, I think, Professor Koch Sees 
this almost entirely in a negative way: "the ssp of Study 1 set up a vast attrition against 
virtually all elements of the Age of Theory code." i 

Natarally the editor was Bound to deal principally with psychological ee Ms D 
as they are presented in these volumes. That is to say his I e Pe pee 
determined by American contributions. All the time work has been Dena m " 


and if a i rward which claims to deal with psychology 
Ene is aoe" consideration. Maybe not only the simplest, but also the 


this surely deserves serious i 
most eqiittactitg way of looking at what has happened is to p ie w a bid 
influences have slowly become operative in psychology as in the e € : ten : 
a growing readiness to accept experimental control and criteria and a ai ee e 

is legitimate to mark out a particular field of study and to work within fna = ou : i ng 
over much hunted by the demand that methods and pep panes dates 
be equally applicable to all other fields of psychological study. A eatin 


zed i Ids of study of the specia ercep! 
iuis have een posman a e rn in the investigation of all high level individual 


but they are steadily becoming more € : E schol M dor 
i š successful in social psychology. More ang mot 

eoi ee Thy Has Lr however, to use the same methods and criteria 1n 

attempts are being made 2 go, or what they may ultimately 


these directions also, but how far these attempts can 


achieve, nobody can yet say. . an i 
I think this would be a simpler way = inda 
pike tian uud ces to under-value what he has done. 


justification. This is not, however, 


ndant reference to the preceding 


contemporary developments in 


much less twisty and difficult 
Much of his 
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discussion is stimulating and idea-provoking, though I think he could have used fewer 

and often shorter, words with advantage. | . 
Finally let me repeat that the level of Scholarship in the many individual contributions 

to these volumes is consistently high throughout. F. C. BARTLETT. 


Current Problems in Animal Behaviour. Edited by W. H. Thorpe and O. L. Zangwill. 
London. Cambridge University Press. 1961r. Pp. xiv + 424. 458. 

In 1953, it appears, a small group was set up in Cambridge to bring together ethologists 
and psychologists for discussion of their common problems, a cold war being changed to 
a hot one, one might suppose. This book, however, is not a record of the conflict, and 
not even a peace treaty, a term which inevitably implies some opposition of aims. It 
records instead the fact that the aims of the contestants are discovered to be the same, 
and their methods complementary. In 1953 psychologist and ethologist were at logger- 
heads, but not in 1960, and there is some reason to think (though the Editors do not claim 
this credit for the enterprise) that the Cambridge group had something to do with the 
change. For anyone who wishes to be informed on such developments (or any psycholo- 
gist who thinks that ethology still makes an antithesis between learning and instinct), 
and for all who are interested in the comparative problem of behaviour, some of the 
i are a mixed bag, rather lacking 


ariable membership, over a period of 
t useful results were emerging from the arguments, 
Broup to criticize, and then to prepare 
ns might still be left. Thus we e 
; : Tun reports of research, a igested spur-of-the- 
moment discussion presented verbatim This makes for aioe mus eos the trivial; 
but it may make for dullness too, the more thin-skinned contestants perhaps avoiding 


any points th i E this 
book are undeniably dull. Y points that might lead to argument, and parts of 


The contributors and their titles are as follows ) I M isms i 
. 3 S ows: D. M. Vow h a chanisms in 
insect behaviour; L, Weiskrantz, Enceph owles, Neural me 


Lashley's concept of cerebral mass acti 


ve t - À Hinde, The establishment of the parent- 
Pens T speg WeB: Thorpe, Sensitive periods . . , imprinting [and] cyclic 
enaviour; M. A. Vince, Developmental Changes in learning capacity; D. E. Broadbent, 


ti sali : ; : 
to support both Lade a uipotentiality, with suspended judgement, finding things 
as isolated tours de force: th à ent : 
Vowles (brain operations E: I = noni continuity with the preceding paper by 
themselves, however, these twi Ed 


© critiques are very good. Broadbent is less convincing 
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in his argument that reactive inhibition i in hi 
the UU Medie ed Co om a eee uere he 
conception of a filter in input-output transmission A vali hehe ae 
heavy an explanatory load, and the whole bk p qe i ue vs m 
dealt with at a verbal level: see for es peque eee eT 
: b : » ple, the argument (p. 2 8) that 
es z es are perceptually the same, or similar, des de c ee 
seiner stimulus" as ator-stimulus lowers the probability of any response to another 
p em p Po e ene inhibition sets in. Watson reviews the theory of reinforce- 
P el 5 E ‘ I reduction, and finds against it. The review is very capable but, 
E a um already knew that the theory was bad, and what we need in this area is some 
as k-ta ing in the form of positive explanatory ideas. Condemnation of theory is easy. 
TEE y E to be giving us a number of reasons why we cannot hope to learn how the 
pran unctions until we know more about the brain, and comes close to saying that we 
m. earn nothing by stimulation and extirpation methods—ergo, we have learned nothing 
ate eee On pecs eae of function, where he uses the example of speech and aphasia, 
25 6 emis seems to suffer from considering only the production of speech sounds: 
E ae Murus or view speech is no more “localized” in a cortical area than in the vocal 
oe sA her is essential. But aphasia involves also reading, writing, and speech compre- 
h nsion. Localization of function” taken literally is a poor conception, no doubt, but 
so far we lack a better with which to comprehend certain definite facts. l 
The reader may be grateful to Gregory and Broadbent, however, that they have not 
gone pussyfooting about their assignments. Such discussions will arouse contention, as 
they were clearly meant to do, and the clear and incisive statements will help the reader 
who dissents to clarify his own ideas. 
In sum, this book presents some essays in psychology that are 
and some that are stimulating and provocative (or provoking). They contain much of 
value. To the present reviewer, however, a greater value is in bringing him more nearly 
up to date on attitudes and opinions in the ethological realm. The book is recommended 


to all who are interested in the problems of animal behaviour, whether “comparative 
psychologists" or not. D. O. HEBB. 


wise and informative, 


Perspectives. in Personality Research. Edited by H. David and J. C. Brengelmann. 
London. Crosby Lockwood. 1960. Pp. xii + 370. 505. 

‘This is a collection of papers on contemporary researches in the field of personality, 
most of them given at the 15th International Congress of Psychology at Brussels in 1957. 
The editors deserve our gratitude for rounding up the authors and translating foreign 
language papers, though they might have provided a more adequate index. Not the 
least valuable parts are commentaries on the whole volume, or on groups of papers, written 
by Henry Murray, S. S. Tompkins, R. B. MacLeod and R. Meili. It gives a good sampling 
of current interests, though no more SO than, say, an issue of the Journal of Abnormal and 
Social Psvchology and one or two other journals; indeed it is less satisfactory in that 
papers prepared for sl ]dom provide full details of any investigation reported. 


hort lectures se r i 
An alleged advantage is sents an international coverage; in fact a 
good three-quarters of the space is taken up by Americans or those working in the American 
tradition, Nevertheless From's (Danish), Brengelmann's (English) and Meili's (Swiss) 
contributions certainly strike some fresh notes. (A paper by Luria on p pes p ma 
secondary signalling system in the development p voluntary action, though obvious'y 
interesting, se a ayed here by accident. J 
pese iis ‘your 4 d to know whether the field is nowadays 
intellectually respectable, whether it follows the canons of sound x m sum 2 
think the answer is yes, though the book provides little direct evidence. Only o 
j s a well-co riment, namely a study of the 


contri i ibe: : à Ao: 
Ee leder — where the tendency to deny or distort in (projective) 
: al class, type of home dis- 


psychoanalytic concept of def T A i 

PRU tone qas show ty be HORE Hd E e 

cipline sep Men religious training. .Ț Somewhat oe Ed eis 

to build up a cybernetic model of psychoanalytic behav pietures. 
d doubtless 


2. 7 f i i mely t 
experiments with psychosexual stimuli, namely Definiti rouli 
ty mpass? efinitions wou 
What then does the field of personali E tic studies of emotional factors 


1 : tema 
differ, but I would suggest as 4 rough answer: SYS idi i ld rule 
: i alto another. This wou 
that produce differences in behaviour from one individu for example, 


á r brain injury, 
Out physical differences except in SO fa ppes OT E Jury: Attempts 


r as somato-type: 2 a 
influenced basic temperament; ability differences would likewise be excludec- 
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i ivati i ientific footing could be 
t psychoanalytic and other motivational theories on a scientifi ting coul 
anne Though therapy would be only an applied derivative. ae € Wen 
july i ven if they e ually concern the social psychologist. lag: 
oo ae qe ae ial i ajor area for over 4o yer 
i sts that these are premature unti 
t the fact that so little progress has been made sugges: s E A 
o theoretical formulations are available. More fruitful, perhaps, are investigations 


of the influence of personality on perceptual and motor differences (she “new look" in 
perception, and expressive movements). e 
The following contributions, then, are legitimate, though not ver 


y inspiring examples: 
I. E. Alexander and A, M. Adlerstein's investigation of death cor by free word 
association and questionnaire techniques, H. P. David's and W. RE j-Survey in 


E. S. 


LU 


rk done on cross-sectional or longitudinal 
rise contributes to the field of personality, 
inants of individual differences makes the 
E ume there is a symposium on longitudinal 
Studies by B. Inhelder, L. B. Murphy, A. G. Skard and others, but the abstracts given 
are too brief to be very informative, 
The most stimulating sectio 
a 


ent was obtained, indicating that specific 
i ith specific person perceptions. 


Person performing various actions 
Ption of purpose often determi 


sume that we c 


© the experimental Psychologist, no doubt 


work with questionnaires, 
R. Taft shows that quite a 1 


tests; and, i i ically urbane introduction 
of some future comprehensive synthesis 
Personality, 


One concludes the book, then, with a feeling that the field is still a messy one—far 


too complex for any rapid progress with the available methods, and yet that much greater 
insight is being shown into its difficultie 


A S and that much solid work can be, and is being, 
done in many parts of the world. P. E. VERNON. 


, Henry Murray essays an Quelle 
of all the varied theories and investigations 0 


The Psychology of Affiliation Experimental Studie. 'egariowsness. 
- : s of the Sources of Gregariousne: 
By Stanley Schachter, London. Oxford University Press (for aa University 
Press, Stanford, California). 1959. Pp. r4r, 30s. 

le aim of trying to state 


the conditions in which individuals 
or prefer to be by themsel 


ves. The investigation was carrie 
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out by means of experiments in which anxiety was reputedly manipulated, and b: 
examining data from such differing social situations as fighter aircraft, a nursery FX 
and psychotherapy sessions. 

_ The experimental studies demonstrated that the level of "anxiety" was correlated 
with the desire to be with others rather than to stay on one's own; anxiety is in quotation 
marks because tke author persistently side-steps the perplexing question of defining 
anxiety. The suvjects were, in fact, forced to choose how they wished to spend their time 
in the anxiety-provoking situation, and not observed actually reacting to an unstructured 
From the experiments the author suggests that when other people are 
sought out i» ‘onditions, it is to enable the subject to compare his personal feelings 
with tho ? of ur The data from the field studies mentioned above are brought in to 
suppor: probably the most striking result of the whole investigation—that birth-order 
in the family is not randomly distributed in these situations, but skewed towards first 
and only children either seeking social situations or performing less well in lone situations, 
than latc. -born children. 

This reviewer feels that within the highly constrained experimental situations—using 


American students—the author has substantiated his thesis. However the field evidence 
is less easy to accept because of the assumptions about the social meaning of the types of 
behaviour which are described. D. F. Hooper. 


social situation. 


Medical Electronics: Proceedings of the Second International Conference, Paris, 1959. 
Edited by C. N. Smyth. London. Iliffe & Sons. 1960. Pp. 614. 145S. 

This book comprises the papers given at the first full-scale international conference on 
medical electronics, which was held at the new UNESCO building in Paris, in 1959, when 
about 160 papers were presented. The whole undertaking owes a great deal to V. K. 
Zworykin, who in recent years has turned his interest and his inventive genius to medical 
electronics. The book represents an enormous amount of work by particularly C. N. 


Smyth, A. Remond and B. Shackel. —— . : j 
"Topics covered include electrophysiological techniques, electroencephalography and 
eye movement recording, as well as new instrumental techniques, such as the use of 
ultra-sonics in place of X-rays hy aia images, an ultra-violet flying-spot microscope, 
a se of computers to aid medica’ iagnosis. — ; n 
nd he e erence reflects the present lack of active interest by doctors i E 
techniques: communication and ideas are almost all one way. DRE m y 
take to computers and precise measuring techniques, it seems possible tha z a rel s 
status and responsibility of doctor and clinical psychologist will change, and this 


5 Ce ; A ici i near future. 
gives an insight into what medicine could become in the n. a 


Medical Physics. Vol. 3. Edited by Otto Glasser. Chicago. The Year Book Publishers 
Inc. Pp. 754. $25°00. 

This is the third volume of what is edi d an i Ripa De es 

sci i . This current volume brings arlier s, 
m ae d topics. It includes an index of the previous volumes, but it 
cM pem ace hazards, psychophysics—and 


can be regarded as a complet! das 
The ranger topics is te is pec mo This book is of real use for accounts 
i recisio a : 2 il reflex 
De pes at pe recent work, such as Law sir et beber, Cae 

and Christine Kris on electro-oculography- The contubuto 
i s ion. " x 

suffer from ppm ees rpm served by tliis beautifully produced volume. It 
Tim cause pf n T Interscience Publishers Ltd., at 185s. 


is distributed in this country by R. L. GREGORY. 


(Ti Bv Karl Bühler. Enzyklopádie 
Iizib4: j hen und der Tiere. y $ E. 
Dax ati i toten dee Me ge: s em. n ride 19 
Pp.106. DM 22. . g jare 
In this attractive (if admittedly slight) ek eye ranging ove 
looks afresh at the Gestalt problem, his eh io von Neumann, 
of psychological theory from von Ehren 


ühler 
the venerable Dr. Karl Bü 
r the whole spectrum 


Gestalt perception is 
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iewed by Dr. Bühler as a specific accomplishment of the organism and as in some sense 
tie prerceative of biological (as Opposed to cybernetic) systems. It is doubtful, however, 
whether this view will commend itself to many psychologists today. At the same time, 
Dr. Bühler has some interesting things to say about ethology, patterns of bodily growth 
and even the reticular formation! Clearly his contact with modern work has been in 
no wise dimmed by age. In translation, this little book would make an admirable 
Pelican. Q: L. ZANGWILL. 


Handbook of Research Methods in Child Development. Edited by Paul Henry Mussen. 
London, John Wiley & Sons, Inc. 1960. Pp.x + 1061. 122s. 


or no account is taken of genetic psychology in the Soviet Union. Nor is there much 
teference to the special Problems that arise in the study of handicapped children, At 
: ] i ho are beginning research 
buying it. 

O. L. ZANGWILL. 


The Sounds of Language. By L. F. Brosnahan. Cambridge. W, Heffer & Sons Ltd. 


1961. Pp. ti+ 250, 25s. 


Dr. Brosnahan's genetical knowledge is not sufficient for 


dress upon blood 8roups or similar traits iati E 
. 2d B 
aud Eis Eire dene Co i Fortunately the association between one sou 


e only one so i i i sidence 
for genetical causation. y far advanced in this way as serious ev 
In spite of this misconception abou 


Py es 3 2 t genetica] inferences, the author has written a book 
which is interesting, informative and stimulating. L. S. PENROSE. 
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